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CHAPTER I

INTRODUCTION

1-1. PURPOSE OF THE EQUIPMENT.

The Milgo Electronic Corporation (MEC) Model 78 Receiver Register is designed

to accept up to 140 bits of digital data in serial form from a 3kc 600 ohm telephone chan-

nel, and to present these bits on 140 parallel output lines wherein the data of a given

word is held until the next word has been accumulated and is ready for readout.

1-Z. SCOPE.

This instruction manual describes the MEG Model 78 Receiver Register, designed

and manufactured by MEC, for International Business Machines, Federal Systems

Division, Kingston, New York, in conjunction with Project Mercury.

1-3. PURPOSE OF MANUAL.

This instruction manual is provided as an aid to better understanding of the oper-

ation and theory of the MEC Model 78 Receiver Register and its associated equipment.

It offers a complete technical explanation coupled with applicable illustrations. It is

necessary that the operator, or any person involved: in the operation of this equipment,

thoroughly read and fully understand the contents of this manual.

1-1
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CHAPTER II

GENERAL DESCRIPTION

Z- I. PHYSICAL DESCRIPTION.

The MEC Model 78 Receiver Register is contained in one standard MEG type 1007-41

rack, which is 74 1/8 inches high, 23 9/16 inches wide, and Z2 inches deep. The weight

of the entire rack, with chassis installed, is approximately 475 pounds. The individual

chassis that make up the Register are of modular construction, and are held in place in

the rack by a single locking handle. The chassis that are identical in type are interchange-

able. Figure 9-1 represents a block diagram of the system.

Z-2. SIGNAL INPUTS.

The Receiver Register accepts tone bursts of a 2kc carrier, modulated at a lkc rate,

from a 3kc, 600 ohm communication line which has been equalized for a lkc data bit rate.

For proper operation, a data word consisting of from 1 to 140 bits must be followed by an

End-of-Word (EOW) signal. The EOW signal is 9 cycles of the Zkc carrier (4.5 milli-

seconds). Input signals between -30 dbm and +10 dbm can be accepted. Minimum signal-

to-noise ratio must be in the order of 3:1 in the band-pass range. Outside the band-pass

range, noise will be attenuated at least 20 db per octave. The signal input enters on J16,

on the connector panel toward the rear.

2-3. SIGNAL OUTPUTS.

The Receiver Register has 140 output lines that are connected to dllS, dl16 and fill7

on the connector panel. Output signals are as follows: a binary "1" is -17 volts +3 volts,

and a binary "0" is 0 volts +. 5 volts.

Z-4. ELECTRICAL LINE SPECIFICATIONS.

Line power input is at 1ZOvac i10%, single-phase 60 cps ±Scps, at approximately 15

amps. Connection is made at J15 on the connector panel at the rear of the rack.

Z-1
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Figure 2-1. Assembly Arrangement, Model 78 Receiver Register
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CHAPTER III

THEORY OF OPERATION

3-I GENERAL (Refer to Logic Diagram, Figure 9-2)

3-I. I Three general modes of operation are possible in the MEC Model 78 Receiver
Register - data, playback and test. In the data mode, data and EOW are received by the
Data Line Amplifier, where they are changed into pulse form and sent to the Control chassis.
One kc is generated in the Data Line Amplifier, and sent to the Control chassis for timing
purposes. Another output of the Data Line Amplifier provides for the recording of the data
on tape. In the playback mode, data from the tape recorder is inserted into the Data Line
Amplifier and the Receiver Register lunctlons just as in the data mode. Indicator light 1901
mounted on the Recorder Control chassis 78-9A is on during the playback mode to warn the
operator he is not in the operate (or data) mode. In a test mode, (pattern I, 2, 3, 4, or
manual), the Data Line Amplifier is disconnected from the Control chassis, with data, EOW,
and l kc being generated in the Control chassis. Four test data patterns are available, all
at a 1 kc bit rate. A manual type of test mode is also available for manual insertion of the
data pattern desired, plus a manual insertion of EOW. Indicator light 1601 is on in all test
patterns, to warn the operator that he is not in the operate mode.

3-1.2 Data Mode - This is the mode for actual operation of the Model 78. As data is
received from a telephone line, it is fed into the Data Line Amplifier, changed to pulse in-
_ormatton, and sent to the Control chassis. A 1 kc sine wave is also generated in the Amp-
lifier chassis and fed into the Control chassis. To insure proper synchronization of the Model
78 with the equipment that I$ transmitting data to it, the incoming data bits are used to sync
the l kc osciIL_tor. The EOW tone burst is detected by the Data Line Amplifier, and sent to
the Control chassis as a pulse. The Control chassis inserts the data into the core shift regis-
fete, and uses the I kc oscillator to time drive pulses sent to the Shift Register chassis.
Upon receipt of the g_OW pulse, a pulse is generated that opens a gate on the shift register,
and allows the data to be shifted (in parallel) out of the shift registerm and into storage flip-
flops which drive the output lines. In this mode, anywhere from I to 140 bits may be received
by the register. When the information is transferred out of the shift register, 140 bits are
transferred, regardless of how many bits are received. This means that readout equipment
must be terminated at the correct pins of ffll$, 3116 and 3117, in order to correctly interpret
the information. For example, if out of 140 possible bits only 100 are significant, then 40 bits
that are available for the transfer are inconclusive or meaningless. Since the outputs of the
Model 78 Receiver Register often will be used to drive digital-to-analog converters, a D-A Hold
stsnal is generated. This signal allows the D=A converter to be put in a hold cycle while the
data is being changed.

3-1.3 Playback Mode - During the playback mode, data which had been previously re-
corded on tape when the Receiver Register was operating in the data mode, is used as the in-
put to the Data Lane Amplifier. Except for the source of data, the Receiver Register functions
just as in the data mode. The playback mode is included to enable the re-running of previously
received data through the Receiver Register for further evaluation.

3-1.4 Test Mode

3-1.4. i. Pattern 1, g, ) &nd 4 - In these modes, the Model 78 operates from
tntertml test circuitry, with the Data Line Amplifier disconnected from the Control chassis.
For timing purposes, a I kc signal is generated by & free-running multivtbrator, and data
is synthesized by a counter (in the 1-0 or 0-1 pattern), or a Schmttt trigger (in the all l'e).
_OW is generated periodically by _ free-running multtvtbrator, and is timed so that more
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thanenough bits enter the resister to fill up all 140 storage locations before a command is
given to transfer.

3-1.4.2 Manual -In this mode data may be inserted manually in any pattern de-
mired. 8603 (Shift l's) is pressed for a "1" insert, and $604 (Shift O's) is pressed for a
"0" insert. When EOW is desired, Sb05 (MAN EOW) is pressed. It must be kept in mind
that when SOW ie senerated in the Manual mode, the last six data bits inserted are still in
the Control chassis, and have not been shifted into the Shift Register chassis. This is be-
cause the Model 78, when in the Data mode, must allow for the delay between the last data
bit and the detected SOW eiilnal from the Data IAne Amplifier.

3-Z DATA LINg AMPL,IFIER, MEC Model 71-SA (See Schematic in Appendix}

The Data IAne Amplifier chassis receives the modulated tone bursts, and converts
these into data bite and SOW bits. These bits are then Led into the Control chassis. A com-

plete discussion of the Model 71-8A Amplifier ls contained in the Appendix of this manual.
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3-3 CONTROL CHASSIS, MEC Model 7 8 - w F i g u r e s  9-3 and 9-8) 

In  o r d e r  to understand the operation of the Control chass i s ,  r e f e rence  should 
be made  first to the wave f o r m  diagrams (Sheets 7 and 8 of the DLA wri teup in  the 
Appendix) of the Data Line Amplif ier  outputs. 0 

3-3.1 I t  should be noticed that  data pulses  appear  approximately 150 micro-  
seconds a f te r  the lkc  has  c r o s s e d  the zero point while going in  the posit ive d i rec t -  
ion. 
the EOW bit appears .  

Also,  a f a l s e  data  bit appears  after the last da ta  bit ,  and 4 mill iseconds before  

3-3.2 When the Model 78 is in  the OPERATE mode,  a lkc  s ine wave  comes  into 
the Control  chass i s ,  and is squared in N606, a Schmit t  t r i gge r .  
vol ts ,  and the output (pin 7) is i n  phase with the input (pin 3). 
positive-going and c r o s s e s  -3 vol t s ,  pin 7 goes f r o m  -20 vol ts  to 0 volts.  
of N606 goes positive, it t r i gge r s  N607, a 500-microsecond one-shot. 
f i r ed ,  pin 5 goes f r o m  0 volts to -20 volts and s t ays  the re  f o r  500 microseconds ,  a f t e r  
which i t  r e t u r n s  to 0 volts.  
gate  consisting of CR608, CR609 and R618, and t r i g g e r s  N608, a 10 microsecond one-shot. 
CR608, R617 and R266 provide a 2 volt  noise  bias .  When N608 f i r e s ,  pin 7 goes f r o m  
-20 vol t s  to  0 vol ts ,  which is the tr igger fo r  co re  dr iver  N609. 
a l so  fed into the Shift Reg i s t e r  chass i s  fo r  t r iggering the respec t ive  co re  d r i v e r s  (See 
F i g u r e  9-8(b) ). 

N606 switches at -3 
That  is, when pin 3 is 

When N607 is 
When pin 7 

The  positive-going voltage is a-c coupled into a n  "or" 

The  output of N608 is 

3-3.3 As can be seen  f r o m  Sheet 8 (DLA wri teup in  Appendix), a data  bit comes  
into the Control chass i s  approximately 200 microseconds a f t e r  the lkc  h a s  switched the 
Schmit t  t r igger .  
a "1" into co re  M601. 
607. R605 is used as a current-l imiting device f o r  the auxi l ia ry  winding of the core .  
An important  point to r e m e m b e r  is that, although da ta  a r r i v e s  250 microseconds a f te r  
the Schmit t  t r igger  h a s  switched, N607 delays shifting the c o r e s  fo r  500 microseconds.  
This  means  that data  is inser ted ,  then shifted 200 microseconds  l a t e r .  

This  date  bit t r iggers  N605, a 20 microsecond one-shot that i n s e r t s  
A 2 volt  noise  bias is  provided fo r  the c o r e  by R606, R616 and CR 

0 

TERN 3 P 

E 
R --MANUAL 

PATTERN4 4 4  

W TEST 

7HI 
8ELE CTOR MAN €OW 

Fiqure 3-1. Control Chass i s  

3 - 3  
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3-3.4 When EOW occurs, a false data bit comes to the Control chassis, follow-

ed by an EOW pulse 4 milliseconds later, as seen in the pulse diagram. This false

data bit is 1 millisecond behind the last bit of actual data. This means that when the

false bit is inserted in M601, the last data bit is in M60Z. If we call the time of in-

sertion of the false data bit T O , then at T O + Z00microseconds, the false data bit is shift-

ed to M60Z. At T O + 1. Z00 milliseconds it is shifted to M603, and at T o + 3. ZOO mill-

isecoads it is shifted into M605. At T o + 4 milliseconds, however, the EOW bit has

entered the chassis, triggering N613, a 1-millisecond one-shot. When N 613 is trig-

gered, pin ? goes from -Z0 volts to 0 volts, and triggers N614, a 5-millisecond one-shot.

WhenN614 fires, pin 7 goes from -20 volts to 0 volts. This level is inverted in N618,

and goes to a D-A Converter for opening the hold relays (See Figure 9-8(a) ). At T O

+ 4. ZOO milliseconds, the false data bit was shifted to M606, which means that the last

data bit is now inserted in the Z0-Bit Shift Register, in proper place for readout (See

Figure 9-8(c) for wave form of data being inserted into the Shift Register chassis). At

To + 5 milliseconds, N613 times out, and pin 5 goes from -Z0 volts to 0 volts. This

triggers N615, a 10-microsecond one-shot. WhenN615 fires, pin 7 goes from -Z0 volts

to 0 volts and triggers N616. When N616 fires, pin 7 goes to 0 volts and is sent to the

Shift Register chassis, where it opens a readout gate and resets the readout flip-flop.

At T o + 5.01 milliseconds, N615 times out, and pin 5 goes from -Z0 volts to 0 volts.

This level goes through N618, an emitter-follower, and is a-c coupled to N608 through

the "or" gate previously mentioned. N608 then sends a pulse to the Shift Register chass-

is to trigger the core drivers, and the data is transferred. Twenty microseconds later,

N616timesout, and the readout gate is closed.N614 then times out and the hold relays in

the associated D-A Converter are closed. The Model 78 Register is then ready to re-

peat the cycle.

3-3.5 A system for monitoring the d-c power supplies is also incorporated into

the Control chassis. MV601 is a 1.2 ma full-scale deflection milliammeter, mounted on

the panel, that can be switched in series with each supply. A resistor is also placed

in series with each suppply to permit MV601 to perform the function of a voltmeter.

Thus, when the current through the meter is 1.0 ma, the supply is correctly adjust-

ed. The face of the meter is calibrated from 0 to 12; therefore, a reading of 10 ind-

icates a current flow of 1 ma.

3-4 TEST MODE

3-4.1 General

3-4. 1. 1 In all test modes, date, EOW and shifting is controlled

internally by the Control chassis when in patterns. 1, Z, 3 and 4. Shifting is timed by a

free-running multivibrator, at lkc, and EOW is generated once every 350 milliseconds

by another free-running unit. In all test modes, an indicator lamp 1601 serves as

visual warniug to the operator.

3-4.1. ZN601, along with R609, R610, R611, G60Z and C603 is a lkc multi-

vibrator. R610 is a variable resistor, used to adjust the timing of the multi. The

350 millisecond multivibrator is actually two one-shots, N610 and N611 hooked back-

to-back. WhenN610,a 100 millisecond multi fires, pin 5 goes to -Z0 volts. 100

milliseconds later, pin 5 returns to 0 volts. The positive-going pulse triggers N611,

a 250 millisecond multi. Pin 5 of N611 goes to -Z0volts until it times out, then returns

to 0 volts and triggers N610. Neither the lkc multi nor the 350 millisecond multi are

self-starting. When in patterns 1, Z,3 or 4, pressing push-buttonS60Z (TEST START)

sends a positive pulse to both multis and starts them. This switch is disconnected in

both the DATA and MANUAL positions of the Test Selector switch. Also, in these

modes, a positive voltage is applied to pin Z of N601 to keep it from oscillating.

3-4
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, 2 P a t t e r n  1 (All 1's). In t..,~ pat tern,  the output of the lkc  osci l la tor  -3 fed 
The  output of N602 is fed into N606, where into N602, a Schmitt  t r i gge r ,  f o r  squaring. 

i t  is operated on exactly as the incoming lkc  u a s  handled in  the  Data  mode. 
of N602 a l so  is f ed  into N603, a counter,  and into the data  i n s e r t e r  one-shot, N605. 
When pin 7 of N602 goes posit ive,  one-shot N605 is t r iggered,  a one is inser ted  i n  M601, 
and is shif ted 500 microseconds l a t e r  ( the 500 microsecond delay is the r e su l t  of the 
delay of N607). 
constantly. Concurrent ly  with this ,  the 350 mil l isecond osc i l la tor  is running. If r e fe r -  
ence is made  to the schematic  of a TN28 (Appendix) it will  be  seen that  there is a diode 
in s e r i e s  with pin 3 .  
R629 and C605 to f o r m  a n  t fand ' f  gate. When pin 7 of N611 is at -20 vol ts ,  pin 3 of N604 
is  a t  -20 volts.  
diode is back-biased by 20 volts.  
imate ly  18.5 vol ts ,  o r  f r o m  -19 vol ts  to -. 5 volts.  
to  pin 3 of N604, and is not enough to make  the s e r i e s  diode in  N604 conduct. 
7 of N611 is up, it sits at approximately -. 5 volt. 
e ly  -2 volts.Then when pin 5 of N603 goes posit ive,  the s e r i e s  diode in  N604 conducts 
and  N604 changes s ta te .  
and i n s e r t s  an  EOW pulse i n  N613, which is then handled as the EOW pulse f r o m  the 
Data  Line  Ampl i f ie r ,  handled in  Data mode. 
ed only once every  350 mill iseconds.  After N604 generates  the EOW pulse,  i t  waits for  
250 mil l iseconds and is then r e s e t  on pin 7 by the positive going pulse  f r o m  pin 7 of 
N610. Even though N603 is counting continuously a f te r  N604 is r e s e t ,  pin 7 of N611 went 
to -20 vol ts  at r e s e t ,  and will  not allow N604 to be  s e t  f o r  another  100 mill iseconds.  

The  output 

This  cycle is  repeated every  mill isecond, so ones a r e  being inser ted  

In this  Control chass i s ,  the diode in  N604 is used  with R625, 

Since the cathode of the diode in N604 is clamped to -. 3 volts ,  the 
When pin 5 of N603 goes posi t ive,  i t  swings approx- 

This  swing is a-c coupled by C605 
When pin 

P i n  3 of N604 then s i t s  a t  approximat- 

When N604 changes s t a t e ,  pin 8 goes f r o m  20 vol ts  to 0 volts 

I t  is important  to  note that EOW is generat-  

3-4.3 P a t t e r n  2 (1-0). In  th i s  pa t te rn ,  the  chass i s  genera tes  l l l r ~ "  and l r O 1 s "  

Then, .  if m o r e  bi ts  are generated 
al ternately.  T h e  f i r s t  bit generated,  however,  is not necessa r i ly  a "1". What is im- 
por tan t  is that the last bit before  EOW is a "0 " .  
than is needed to f i l l  up the Shift Regis te r ,  the excess  bi ts  will  be  dumped, and a t  EOW, 
the c o r r e c t  pa t te rn  will  be in the cores .  

In th i s  pa t te rn ,  data is not the output of N602, as i t  was  in  the all ones pattern.  
it  is counted down by two in  N603. 
i n se r t ed  is a "1". 

Instead,  
Since the shift  r a t e  has not changed, every  other  bit 

The  "and" gate  previously mentioned in su res  that the l a s t  bit  entered 

MV601 CORES M601- M607 TN'S 

F i g u r e  3-2. Control chass i s  Assembly,  showing components. 

3-5 
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is a zero. After pin 7 of N611 goes to 0 volts, the next positive going pulse of N603

inserts a data one and sets N604, which inserts an EOW pulse in N613. Since this data

bit coincides with EOW, it looks like the false bit that comes from the Data Line Amp-

lifier, and which has been shifted to M606 when the shift registers dump. Since the

bit preceding it was a zero, and this zero is now in the last core, the test pattern was

al-O.

3-4.4 Pattern 3(0-I). The operation of the Control chassis in this mode is very

similar to the operation in pattern 2. However, data is taken from pln 8 of N603, in-

stead of pin 5. The output of pin 8 is the opposite of pin 5, being 0 volts when 5 is at

-20 volts, and -20 volts when pin 8 is at 0 volts. Since the rest of the chassis is oper-

ating the same, the data pattern is received, and a 0-I pattern is the result.

3-4. 5 Pattern 4 (All "0"s). In pattern 4 the chassis operates as it does in the pre-

ceding test patterns, except for the data insertion. In this pattern, there is no input to

N605, hence no l's are inserted, and an all 0 pattern is the result.

3-4.6 Manual. In the manual test mode, the Ikc oscillator is turned off. This

is done by applying IZ volts to pin Z of N601, which is the base of one of the two trans-

istors that make up the oscillator. Since the chassis is in manual, a shift is desired

only when the SHIFT I'S ($603) or SHIFT O'S ($604) button is pushed. Also, EOW is

inserted only when the MAN EOW button is pushed. For data insertion, either S603 or

$604 is pushed. If $603 is pushed, a positive going pulse is applied to pin 3 of one-shot

N61Z. Pin 7 then goes to zero volts and is a-c coupled to N605 throught $601B. At the

same time, pin 7 of N61Z also triggers N606 through $601C. Thus a 1 is inserted and,

500 microseconds later is shifted. If $604 is pushed, a positive going pulse is applied

to N606, but because of the blocking action of CR61Z, (pin 7 of N612 is at -Z0 volts) the

one-shot N605 is not triggered. In this manner, a zero is inserted, then shifted.

3-4.7 . To generate an EOW pulse, $605 (MAN EOW)is pressed. This applies

a positive going pulse in pin 3 of one-shot N617. Pin 7 of N617 then jumps from -Z0

volts to 0 volts and triggers N613 through S601D. This inserts an EOW pulse and the

shift registers dump as previously explained. A point to remember here is that when

MAN EOW is pressed, the last data bit inserted is in M60Z and will not be in the Shift

Registers.

3-6
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3-5 20 BIT SHIFT REGISTER, MEC Model 76-7A (F igure  9-5) 

3-5.1 The  function of the 2043it Shift Reg i s t e r  is to  accumulate  data i n  a serial 
f o r m  and t r a n s f e r  it into a pa ra l l e l  form. The  da ta  is received ser ia l ly  and s tored i n  
20 magnet ic  c o r e s  (M701 throught M720). Upon command, t he  data is r e a d  into 20 fl ip- 
f lops (N701 through N720), and will  remain the re  while new data is being shifted through 
the c o r e s  M701 - M720. 

3-5. 2 A m o r e  detailed description of operat ion is as follows: In the Control 
chass i s ,  two pulses  arederived f r o m  the EOW pulse ;  a flip-flop r e s e t  t r igger  ( f rom -20 
vol t s  to 0 vol t s ,  width 30 microseconds) and a r e a d  gate  ( f r o m  -20 volts to 0 vol ts ,  
width 30 microseconds) .  The  flip-flop r e s e t  t r i g g e r  is capacit ive coupled through C701 
to pin 3 of a one-shot (N723) with emitter-follower output. 
TN ' s  used  in  th i s  equipment is explained in  detail in  the Appendix. 

T h e  theory  of operat ion of 

3-5. 3 When pin 3 of N723 goes posit ive ( f r o m  -20 vol t s  to 0 vol ts) ,  the  output 
pin 7 goes posit ive ( f rom -20 vol ts  t o  0 vol ts ,  width approximately 5 microseconds) .  
P i n  7 of M 2 3  is capacit ive coupled through C702 to  pin 5 of all the flip-flops N701-N720. 
P i n s  5 of N701-N720 a r e  biased at -7 bolts (R721 and R722). Therefore ,  as pin 7 of 
N723 goes posit ive,  pin 5 of all the flip-flops goes posi t ive a l so  ( f rom -7 to above 0 
vol ts) ,  reset t ing all the flip-flops t o  the "0" state.  The  "states" of the flip-flops (TN 
144) a redd ined  as follows: When pin 8 is at 0 vol t s ,  the flip-flop is in  a "0" s ta te ;  and 
when pin 8 is a t  -17 vol t s ,  the flip-flop is i n  a lfl" state.  

3-5. 4 At  the s a m e  t ime that the flip-flop r e s e t  t r i g g e r  en te r s  the Shift Regis t -  
e r ,  a r e a d  ga te  ( f r o m  -20 vol ts  to 0 vol ts ,  width 30 microseconds)  en te r s  pin 2 of a n  
emi t t e r fo l lower  (N722). 
and  is cal led the "flip-flop-gate". When pin 2 of N722 goes posit ive,  pin 5 of all c o r e s  
goes posit ive f r o m  -20 vol ts  to -2 volts ( s e e  F i g u r e  9-8(d) ). R727 and R728 a r e  used 
to give a -2 volt  noise  b ias  when the gate  is open. S i n c e  the gate r a i s e s  pin 5 of M701- 
M720, subsequently pin 4 of M701-M720rises to -2 vol ts ,  and the flip-flops will  not 
t r i gge r .  A voltage pulse  equal to o r  g r e a t e r  then 0 vol ts  mus t  be present  at pin 3 of the 
flip-flops in  o r d e r  f o r a  change of state to occur .  

The  output of N722 goes to p in  5 of all c o r e s  M701-M720, 

F igu re  3-3. 20-Bit Shift  Regis te r  Chassis .  
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3-5. 5 The  next shift pulse  (-20 volts to 0 vol ts ,  width 40 microseconds)  will  
cause  the s ta te  of the co re  to be r e a d  out into the flip-flops. 
10 microseconds  f r o m  the leading edge of the r ead  gate. 
microseconds  wide,  this shift pulse  will  cause co re  readout to occur  
l y  in the middle  of the gate. 
pulse  (of 5 to 8 volts in amplit ide) will  be superimposed on the flip-flop gate  a t  pin 4 of 
the c o r e s ,  causing pin 3 of the flip-flop to go posit ive enough to  s e t  the s t a t e  of the flip- 
flop to a "1". 

This  shif t  pulse  will  be 
Since the flip-flop gate  is 30 

approximate-  
Assuming that t he re  was a "l1! in  the co re ,  a 10 microsecond 

3-5. 6 If t he re  was a "0" in the co re ,  only the flip-flop gate will  be p re sen t  a t  
pin 4 of the co re ;  consequently, pin 3 of the flip-flop will  go posit ive to only -2 vol ts ,  
which is not sufficient to change the s ta te  of the flip-flop. Since the flip-flop is initi- 
a l ly  r e s e t  to the "0"  state ,  and th i s  s t a t e  r ema ins  unchanged if the co re  is i n  the "0"  
s ta te ,  effectively one may say  that  the data  in the co re  h a s  been t r a n s f e r r e d  to  the fl ip- 
f lops.  
The  s e r i a l  da ta  r e a d  in and the  c o r e  shift pu lses  both occur  a t  the s a m e  t ime ,  and the i r  
repet i t ion r a t e  is 1000 pps.  

The  s t a t e s  of the c o r e s  a r e  determined by the da ta  which is r e a d  i n  ser ia l ly .  

3-5. 7 P in  8 of M701 is the data  input. P i n  9 of M701 is d i rec t ly  coupled to pin 
8 of M702, and pin 9 of M702 is d i rec t ly  coupled to pin 8 of M703. 
f r o m  M703 through M720, and consti tutes the s e r i a l  read-in a r rangement .  Since all 
pin 5 ' s  of the c o r e s  a r e  connected together,  the flip-flop gate occur s  at all c o r e s  si- 
multaneously,and the data is r e a d  out on pin 4 of the c o r e s  to pin 3 of the flip-flops, 
in  para l le l .  
is a co re  d r i v e r ,  operating with a blocking osc i l la tor  c o r e  (M721). 

T h i s  is repea ted  

Operation of the c o r e  s t r ing  is explained in  detai l  in  the Appendix. N721 

3-5.  8 The  data in the flip-flops is r ead  out continuously except f o r  a n  in te rva l  
of approximately 10 microseconds p e r  word ( s e e  F i g u r e  9-8(e) ). 
tween r e s e t  per iod  and that space  when the new da ta  is r ead  out of the co res .  Each  
flip-flop(N701 through N720) h a s  an  indicator l ight assoc ia ted  with i t  (DS701-DS720), 
to indicate the s ta te  of the flip-flop. When a flip-flop is in  the "1" s ta te ,  i t s  respec t ive  
indicator  will  be on, and when a flip-flop is in  the "0" s ta te ,  i t s  indicator will  be off. 
The  l ights  have been r eve r se  biased a t  -2 vol ts  by CR701-CR703 and by R723, to in su re  
that the l ights  will  be  off when the flip-flops a r e  in  the "0"  state .  C704, C705 and C707 

Th i s  is the t ime  be- 

STORAGE CORES M 7 0 l -  M 7 2 0  
/ / 

I F i gu re  3-4. 20-Bit Shift Reg i s t e r  Assembly 
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are used as filter capacitors between the power voltages.

3-5.9 The Z0-Bit Shift Register has a building capacity, in that any number of

the units can be connected in series, to permit the use of any number of bits to a word.

3-9
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_ev. 7,131,161

3-6. RECORDER CONTROL CHASSIS, MEG MODEL 78-9A (Figures 9_9 and 9-,I_0>)

The Recorder Contro| chassis contains a two position switch with OPERATE and

PLAYBACK positions. The Receiver Register may function either in the data mode or

the test mode depending upon the position of the Control chassis selector switch. During

the playback operation, the selector switch of the Control chassis must be in the DATA

position. With the Recorder Control switch in the PLAYBACK position data from the tape

recorder is fed into the data input lines of the Data Line Amplifier. Indicator lamp I901

is on during the playback operation to warn the operator he is not receiving data from the
transmission line.
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CHAPTER IV

OPERATION

The following procedure is a series of steps to be taken in setting up and operating

the Model 78 Receiver Register:

a. Ensure that a-c power is entering the rack through the input power con-

nector, J15, and place SI the base switch, in ON position. The indicator light should

come on.

b. Place the POWER switch (on CONTROL Chassis) in the ON position. The

POWER ON indicator should light.

c. By using the VOLTAGE SELECTOR switch and panel meter, check all d-c

power supply voltages. All should read between 9.5 and I0.5.

d. Select the test pattern (all l's) with the TEST SELECTOR switch. The red

TEST lamp should come on.

e. Press TEST START pushbutton. All Shift Register panel bit lights should

come on. Indicator light HOLD RELAYS on the Control panel should flicker at approxi-

mately 3cps. It is best to observe the D-A hold-relays output pulses at panel test jack

TJ601-#16 with an oscilloscope. Pulses should be -17 volts ÷3 volts. Pulse width should

be 5 millisecond, _. 5 milliseconds.

f. Check flip-flop outputs. With normal output load connected, the output can

be monitored at pins I-Z0 on the panel test jack (TJ 701) on each Shift Register with an

oscilloscope. An output level of -7 volts +. 5 volts represents a "0". Flip-flops should

be reset at EOW time and set approximately I0 microseconds later. A more rigorous

check may be run by removing the normal output loads and substituting a test cable ter-

minated on a terminal board. See Chapter 8, Wire List, for pin connections. Load each

flip-flop in turn, and observe the output for the proper levels.

g. Select operate (DATA) mode with the selector switch. TEST indicator

(I601) goes out. The Model 78 is now ready to operate.

4-1
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CHAPTER V

INSTALLATION

5-1. PHYSICAL PLACEMENT

The physical installation of the Model 78 Receiver Register should be such as will

properly fulfill all the requirements of stability, weight and ease of servicing as are

outlined in those chapters dealing with such specifications. Thus, in Chapter Z, the

gross weight, input and output terminals and other factors should govern the place-

ment or positioning of the equipment. Leveling of the Register is not excessively

critical, only dictated by the ordinary requirements of stable flooring. The base

may be fastened to lugs embedded in the concrete; or some cleat arrangement may

be fashioned, if so desired. Because of some potentiometer and oscillator slug ad-

justments which may be necessary on certain chassis, and which are mentioned in

Chapter 6 and in the Appendix, it is necessary to allow clearance for swinging open

the rear rack door. With some chassis units, it may be found easier to remove a

blank panel in front in order to reach such adjustment points. In any case, caution

must be observed in the vicinity of high voltages, as may be the case near power

supplies.

5-Z. POWER INPUTS

Power input requiremenLs are mentioned in some detail in Chapter 2, and wire

sizes for the rack wiring are given in the Wire List, Chapter 8. Note also, as is

mentioned in Chapter 4, that there is a main power switch, S1, at the rear connec-

tor panel in addition to the one on the front Control panel.
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D
CHAPTER VI

MAINTENANCE

D

6-1. PREVENTATIVE MAINTENANCE

Preventative maintenance is recommended for the following parts of the equip-

ment:

a. The Blower filter should be removed and cleaned in a solution of warm

water and detergent at least every 30 days.

b. The various electronic tubes should be tested periodically.

No other preventative maintenance is recommended.

6-2. MALFUNCTIONS

Malfunctions of individual parts are to be expected and can be located by trouble-

shooting using common test equipment (voltmeters, ohmeters, ammeters, oscillo-

scopes, etc.}. Many of the malfunctions can be located by merely observing the

many neon lamps located on the front panels.

6-3. ADJUSTMENTS

6-3.1 Control Chassis - There are two adjustments to be made in the Control

Chass'is.. One is an adjustment of K610, which adjusts the frequency of the lkc

oscillator used in the test modes. While observing the waveform on pin 7 of N60Z

with an oscilloscope, R610 should be adjusted to provide approximately lkc output,

The other adjustment is an adjustment for the delay time of N613. R632 should be

adjusted until this delay time is 1 millisecond, as observed with an oscilloscope on

pin 7.

6-3. Z Data Line Amplifier - The adjustment procedure for the Data Line ampli-

fier is discussed in detail in the Theory of Operation Chapter.

6-3.3 The various adjustments that have been discussed in this instruction man-

ual should be checked periodically to insure their accuracy.

D
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CHAPTER VII

PARTS LIST
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The MEC Model 78 Receiver Register consists of the following assemblies:

Quantity

1

1

7

1

1

1

1

1

As s embly

MEC Model 71-8A Data Line Amplifier

MEC Model 78-6A Control Chassis

MEC M0_del 76-7A 20-Bit Shift Register

MEC Model 165-4C Power Supply

MEC Model 76-9A Power Supply

MEC 78-1AAA Connector Bracket

Blower

MEC Model 78-9A Recorder Control Chassis

7-Z



I 2

ITEM REFER.
NO. DESIG-

NATOR

6-1

6-2 C605, C607

C611. C618

C67.1, C622

6-3 C602. C603

6-4 C604

6-5 C608

6-6 C609

6-7 C610, C6Z6

6-6 C614, C616

C6Z4, C606
C628

4-9 C615, C625

6-10 C617

6.11 C619

6-12 C620

6-13 C623

4-14 C627, C61Z

4-15 C601

6-16 C413

6-17 CR603-

CR614

6-18 CR615-

CR617

CR601

CR60Z

6-19 ,CR6!8

6-Z0 CR619

6-ZI 3S601

6-Z2 )S60Z

6-23 F601

6-24 1601

6-Z5 M601

M606

3

CLASS STOCK
NO

4 S

MFG. AND
PART NO.

I

MEC

78-6A

MII,

CM-19B- 10_-K

Cornell Dublli,

PM4S2

MIL

CM-I9B-_7 IK

MIL

CM-19B-20_K

Cornell Dubilil

PM4S5

MIL

CM-19B-152K

Cornell Dubllil

PM4SI

G.E.

Z9FS|9-G4

Fansteel

F308-1

Cornell Dubill_

PM4PI

Cornell Dublli.

PM4P5

MIL

CM- 19B-302K

Fansteel

F110-1

MIL

CM-19B-50ZK

Fmnsteel

F318-1

Transltron

T1ZG or

Clevlte

CTP-503

G.E.

IN1692

International

Rectifier

IN703

G.E.

1N1695

MEC

16-102

E1demm

ICGI_--4535

Bussmsnn

AGC

Dialight Corp.

656

MEC

MN-II

23456

DESCRIPTION

7

r ROL

ixed Mica, IO00/_/M 500 vdc *10%

Lxed Mylar, .0Z/_f 400 vdc

'!xed Mica, ;70/_/_f 500 vdc II0%

'ixed Mica, 2000/_/M 500 vd¢ *I0'

'ixed Mylar. .05/_f 400 vdc

"ixed Mica, I500/_/_f 500 vdc _,I0

ixed Mylar, .01/_f 400 vdc

I/Jr I00 vdc. with

e.

31u-Cap) 100/Jf 30 vdc

ixed Mylar, . I/Jr 400 vdc

ixed Mylar, . S/Jr 400 vdc

'ixed Mica. 3000_/Jf 500 vdc _I0'

10/Jr Z5 vdc. with

e.

ixed Mica, 5000/_/_f S00 vdc _I0'

25/_f I;5 vdc

Spec. 21C-3864-7

scent, Candelabra Bsse. 12V

Rev. 7/31/61

6 7

UNIT PROCURE.
PER MENT

ASSY. CODE



I 2

ITEM REFER,

NATOR

6-?..6 M607

6-77 N601

6-_8 N602
I_606

6-29 N603

6-30 N604

6-31 N605, N607
N608, N610-
N6[?

6-32, N609

6-33 N6|8

6-34 P601

6-.15 R601, R609
R614° R647
R648

6-36 R60_, R603
R61Z, R617
R620. R625

R6z7. R635

6-37 R604, R621
R6Z4, R63!
R633, R638
R649, R650

6-38 R60S

6-39 R606

4-40 R607, T611
R618, R6:'2
R637, R641

6-4! R608

4-42' R610

6-43 R613, R6a6

R6ZS, R6a9
R646

6-44 R615, R636
R640

4-45 R616, R6Z3

R630. R643-

R645
i
6-46 R619

6-47 R632

3

CLASS STOCK

NO.

4

MFG. AND
PAnTNO.

MEC
MN-13

MEC
TN -5?

MEC
TN-i§0

MEC
TN-90B

MEC
TN-28

MEG
TN-138B

MEC
TN-130B

MEC

TN-S8

Cannon
DD-50P

MIL
RCZ0GF2Z3K

MIL

RCIOGF33ZK

MIL

RCZOGFIOZK

MIL

RCZOGF47 IK

MIL

RCZOGF4?ZK

MIL

RCZOGF473K

MIL
RCZ0GFISZK

Allen Bradley
JLU-2531 or
Jk IL040SZ53U

MIL

RCZOGF333K

MIL

RCZOGFI03K

MIL

RCZOGFI02K

MIL
RC20GFI633

Allen Bradley

3LU-5031 or

3AIL040SS03U

I 2 3 4 5

5

6 7

ETWORK

ETWORK

ETWORK

ETWORK

ETWORK

ETWORK

ETWORK

ed compoaltion, 22K _10% I/ZW

:ed composition, 100K *10% I/ZW

:edcomposition. 470Q *10% I/ZAV

led composition. 4700Q *10_ 1/YW

:ed compostt_o_ 47K ,tOy, I/ZW

:ed composition, 1SOOfl *10%

'ER, ISK _W, Linear Taper

cqmposition, 33K *IQ% I/ZW

ed compostflon_ IGK i|O% I/ZW

ed composition, 1000D _10% I/2W

ed composition. 16K J:5% 1/2W

ER. 50K 2W, Linear Taper

6

UHIT
PER

ASSY.

7

_ROCURE.
MENT
CODE



1 2

ITEM REFER.
NO. DESIG-

NATOR

?-!

9-Z I?Ol

9-3 P901

9-4 S901

9-5 xIgoI

9=6

3

:tASS

4

STOCK MEG AND
NO PARI NO.

1 6

78-9A

Dialight Corp. L d_ Inc
6S6 Z_ V

Cannon P ,U ;, ! _a

DD-SOP

Centralab S rI: C| , l
PA-ZOZI

Dialight Corp. It DI _A FO
514001-I13

Whitso K 4C

K-105

SCRIP[ION

E(

e,

O_

.I-

;ORDER CONTROL

lescent, Candelabra Screw Base

50 pin contact, 5 amp rating

!ARY. Non-shorting

'LDER

4

PER
A$SY.

I

t_NIT
COOE



4 5I 2

ffEM REFER.
NO. DESIG-

NATOR

6 -48 R634

6-49 R639

6-50 R64Z

6-51 R651

6-5Z R65Z

6-53 R653

6-54 R654

6-55 R655

6-56 S601

6-57 S60Z-5605

6-58 S606

6-59 S607

6-60 TJ601

6-61 MV601

6-6Z XDS60Z

6-63 XF601

6-64 XI601

6-65 XM601 -
XM607

6-66 XN60|-
XN618

6-67

6-68

3

CLASS : STOCK
NO.

MFG. AND
PARTNO.

MIL

RCZOGFI01K

MIL

RCZOGFZZ4K

MIL

RCZOGFZ73K

I.R.C.

MDC

I.R.C.

MDC

I.R.C.

MDC

I.R.C.

DCC

I.R.C.

MDC

Centralab

PA-Z013

Micro
ZPBII

Carling
ZGL63-73

Centralab
PA -2003

Cannon

DD-50S

Beede

E-Z5

Eldema

1 IH4593

Bussmann

HKP

Dialight Corp.
514001-111

JAN
TS103P0Z

ffAN
TS101P01

Eldema

IIH-4119

Whitso
K-105

I 2 3 4 5 6

',_IQ"O

L_IS "0

:E_IS :a

:E_IS "a

',E_IS 7C

I

',_IS :c

, I
:_ IS :c

!

w_r( H,

w_r( H,

W_F( H,
!

w_r( H,

IE_E R,

I

DESCRIPTION

7

,, 'i_ed composition, 100Q i10% l/ZW

,, Fixed composition, ZZOK 3=10% l/ZW

L, 'i_ed composition, Z7K i10% 1/ZW

_, _rt!ctsion, 51.4K i1% l/ZW

L, )r,:cision, IZK i1% l/ZW

_, r,mision, 17K +1% I/ZW

_, r;cision, Z0K +1% I/2W

L, _r:cision, 85K II% I/ZW

R&' a]y

P_ ihI)utton

T6 _g e, DPDT

R, sly

'O

t. N %, (Scale 0-12) Horizontal

"U

NI

O,

;0,

,E

IN

IC k'l )RI

;E H( LI_

IC k3 )R

:K]T 9

:K _T O

qS CJ P

9E

J

H(_ LDER

HfILDER

_i_ Mica filled

tal Mica filled
I

R_ i)

6

UNIT
PER

ASS¥.

1

1

1

1

1

1

1

1

4

7

PROCURE-
MEt,IT
CODE

1

1

1

7

18

1

Z



1--- 2

ITEM REFER.
NO. DESIG-

NATOR

9-1

9 -Z C901 -

C905
C906

9-3 C907

9 -4 C908

9-5 CR901

CR90Z

9-6 CR903

9 -7 CR904-

CR907

CR909 -

CR911

9-8 CR908

9-9 L901

9-10 N901

9-11 O901

9-1Z R901

9-13 R90Z

LASS I! rOCK
_O.

4

MFG. AND
PARTNO.

MEC

76 -9A

Mallory
Z0-71937

Cornell Dubili

PM4P5

Mallory
Z0-71844

G.E.
ZJSOB(C60)

Westinghouse

INIZ00

G.E.

IN1692

G° E°

4JAZIIBBIACI

Sterling Trans.

T3891

MEC
TN-160

Delco ZN443

MIL
RCZOGF6ZZJ

Ohmite

CLU-15ZI or

JA 1 L040SI 5ZU

I

AS

DESCRIPTION

4 5 6 7

_6 L P_)WIER SUPPLY (-17V and -Z0V)

- ]] I_

:a ;_,

I[rD]_, Computer Grade, 4000_f 60 vdc

O_, Fixed, Mylar, .5/_f 400 vdc

I(_ )E

i

I

_E_ TD

HI K_

_]RI N

EIIS

'o! E

I

l[rOR. Computer Grade, 15,000/M 15 vdc

xl_-,l/_ Alum. can with Acetate Sleeve

0e Vl

1
;R

OF

OF,

',, p'l,

D_E_

ETWORK

[Lug type Leads)

ed composition, 6. ZK +5% I/ZW

ER, 1.5K ZW, Linear Taper

6

INIT
_ER
5SY.

1

PROCURE.
MEhlT '
CODE I

9 -14

9-15

9-16'

9-17

9-18

9-19

9-Z0

9-21

9-ZZ

9-Z3

9-Z4

R903

R904

R905

R906

R907 -

R909

RgI0

Tg01

Tg0z

T903

TJg01 -

T J903

XN901

MIL

RCZOGF6ZIJ

MIL

RCZOGFB31K

Ohmite 0600A

MIL

RC4ZGF33ZK

Ward Leonard
Z0F1

MIL
RCZOGFI01K

Industrial Tral

MP-8610

Sterling Trans
T-3890

Chicago Trans
FMS-6

H.H. Smith

Z21

Amphenol
77-MIP-1IT

_E SlflTq

_E SISTC

_E ,I_ rC

w: h WI_

RE ',I_rC

RF ;I_ rC

rt _N _F

rI _I_ _F

rl _I_ _F

IA ;K

3C ;K _"f

R, Fi

R, FI_

nt: _g

R, Fi_

R, ,Fi:

R, FI:

)R _E

DR lIE

DR ,_E

:id I et

II P_

ed composition, 6Z0_ 4-5% I/ZW

ed composition, 330fl _I0% I/ZW

:ed, Wire'wound, 5_ 100W

Bracket #1Z)

:ed composition, 3.3K +10% ZW

:ed, Wire wound, I f_ Z0W

:ed composition, I00_ +10% I/ZW

R

R

3anana (Black)



4 5

MFG. AND

1 2

ITEM REFER.
NO. DESIG-

NATOR

1-1

1-2 F1
F2

1-3 rj

1-4 I1

1-5

14 J16

1-7 J 15

1-8 Sl

1-9 XFI -

_3

1-10

1-11

3

CLASS STOCK
NO. PARTNO.

Buee_nn

Ban

Bussaan
Ban

Dtaltght
656-125V

Amphenol

MS-3102A-&O4P

Cannon

HS3102A-18-13P

M_3106B-18-1_

_3057-IOA

Cannon

MS 3102A-18-II

MS 3106B-18-II:

MS 3057-IOA

Cutler -

Hammer

ST52N

Dlalight Corp.
#514oo1-111

Allen-Bradley

#702AOD92

2 3

FU_

FU:

L_

COl

CO]

CO]

SW

FU:

4 5 6

L¥ C )nnq

E, 20 u!

E, 2 Lmp

P, Ca_de]

NE ;TC t,

NE TO_,

NE TCt, t

TG i, 25

EH ,LD_._

DESCRIPTION

7

ctc

ab_

ttl

V_

r Bracket

m, Clear

mating connector and cable
olmap

mating connector and cable

clamp

25 amp, DPDT

INI [C_ _)F HC )E

6

UNIT
PER

ASSY.

1

7

PROCURE.
MENT
CODE



4 S1 2

ITEM REFER.
NO. DESIG-

NATOR

7-I

7-Z C701

7-3 CTOZ

7-4 C703

7-5 C704

7-6 C705

C707

7-7 G706

7-8 CR701 -

CR703

7 -9 CR704

7-I( DS701-

DS7Z0

7-11 M701-

M720

7-12 M7Z1

3

CLASS STOCK
NO.

MFG. AND
PART NO.

MEG

76 -TA

MI[,

CM-19B-10ZK

Cornell Dubilte

PM4S1

MIL

CM-19B-47 IK

Fansteel

Fll0-1

Fansteel

F308-1

Cornell Dubili,

PM4S5

G.E.

IN169Z

Transitron

T1ZG or

Clevite

CTP-503

MEC

16-102

MEC

Mb,. _ 1

MEG

MN-13

DESCRIPTION

I 2 3 4 5 6 7

iS E BI,Y g -B

A_le_ TOFI F

I

!

:A

rls

ZA

n_

3A

DI, DI

DI_DI

I
i

[N t IC

.:q:_E
I

gOlllE

'At:rtO_.
I

'AF I'f 01_. (i

la|-_d Ca_e.!

'AlCllO_. (
l_ted CAse,

i

I

[a_net

iagDet

I

T SHIFT REGISTER

_ed Mica, 1000liar 500vdc+lO%

ixed, Mylar, .01/M 400vdc

ixed, Mica, 470/M_f 500 vdc _10%

31u-Cap) 10/_f Z5 vdc

Blu-Gap) 100/_f 30 vdc

_ixed Mylar, .05/_f 400 vdc

6

UNIT
PER

ASSY.

1

1

1

1

1

Z

1

3

1

ZO

ZO

1

7

PROCURE-
MENT

CODE

7-13

7-14

7-15

7-16

7-17

7-18

7-19

7 -Z0

7-Zl

7 -ZZ

7 -Z3

7 -24

7-Z5

7-26]

NT01 -

NTZ0

N721

N7ZZ

N723

PT01

R701 -

RTZ0

R7ZI

R722

R7Z3

R724

RTZ5

R7Z6

R7Z8

R7Z7

T J701

XM701-

XM7zI

MEG

TN-144

MEG

TN-13OB

_IEC

N-58

MEC

TN-138B

Cannon

DD-50P

MIL

RCZOGFZ73K

MIL

RCZOGFI03K

MIL

RGZOGFI8ZK

MIL

RCZOGF33ZK

MIL

RCZOGFI63J

MIL

RCZOGFIOZ2

MIL

RCZOGF1612

Cannon

DD-50S

JAN

TS103P0Z

i
r_

I
i

r_

rB

rl_

PL

RE

RE

RE

RE

RE

RI

RI

C(

SC

_NsI_

INSI_

_NsI_

INSI_

sO

;I_T(]

3I_T(]

5I_T(]

SI_T_

SI_T c

SI_T(

SI! T(

NiX EC

gKE'f

TOR qETWORK

fOR

TOR I_

R. Fil

R, Fit

R, Fi_

R, Fi:

R, Fi:

'R, Fi:

'R, Fi:

:TC R

9 Pi

ETWORK

ETWORK

ed composition, ZTK +10% 1/ZW

:ed composition, 10K +10% 1/ZW

:ed composition. 1.SK i10% 1/ZW

:ed composition, 3.3K _10% 1/ZW

:ed composition, 16K i5% 1/ZW

:ed composition, 1K J=5% I/ZW

red composition, 160Q _5% I/ZW

Miniature, Mica filled

Z0

1

1

1

1

Z0

Z

1

1

1

2

1

1

21



1 2

ITEM REFER.
NO. DESIG.

NATOR

7 -Z7 XN?01 -

XN7Z3

3

CLASS STOCK
NO.

4

MFG. AND
PARTNO.

JAN

TSI01P01

2 3 4 5 6

t
DESCRIPTION

7

t_ Mica filled

6 7

UNiT PROCURE_
PER MENT

ASSY. CODE

_3

8-3

8-4

8-5

8-6

8-7

C801

C803

C8Z6

C8Z7

C811-

C814

C80Z

C837

C804

C805

C815

C8Z4

C806

C807
C809
C810

MEC
71-8A

Cornell

Dubilier
PM 4S1

Cornell

Dubilier

PM 4SZ

Cornell
Dubilier

PM4P1

Cornell

Dubilier

PM6D5

Cornell

Dubilier

PMZP47

Cornell

Dubiller

PM4S5

Mil

CM-19B-501K

Mil
CM-19B-ZOZK

I_ Lta[ Line Amplifier

C _C R, IFixed Mylar, . 01/_f, 400 vdc

C FC R,/Fixed Mylar, .0Z/_f, 400vdc

C r(

,c T(

LC Tt

kC T(

%( iT

0_

%.q iT

R,

R,

Fixed Mylar, .l_f, 400vdc

Fixed Mylar, .005Df, 600vdc

Fixed Mylar, . 47 /_f, ZOO vdc

Fixed Mylar, . 05/_f, 400 vdc

Fixed Mica, 500/_/_f, 500 vdc

Fixed Mica, ?.000_f, 500 vdc



4 SI 2

ITEM REFER.

NO. DESIG-
NATOR

8-10 C817 -

C819

C821

C825

C828

8 -I1 C816

8-12 C820

8-13 C829-

C831

8-14 C808

C832

C833

8-15 C834

8 -lt C822

8 -17 C8Z3

8-18 C835

3

CLASS STOCK
NO.

• I

MFG. AND
PART NO.

Mil

CM-19B-101K

Mil

CM-19B-501K

Mtl

CM-19B=I52K

Mil

CM-19B-560K

A erovox

A EP8J

e rovox

kEP88J

Mil

CM-19B=102K

MtI

CM-lqB-471K

Mil

CM-19B-470K

! 2

DESCRIPTION

3 4 5 6 7

, I
I

, .l.,oL
i

!

I i

I

iI

I1)1 _ I ' ' ,

:_ '_1:Jr o!

;1 ),a ;I O

?txed Mica, 100/.z/M +10%. 500 vdc

?txed Mica, 500 /z/M +10% 500 vdc

Fixed Mica, 1500 /A/Af, +10% 500 vd

Fixed Mica, 56 /z/Af, i10%, S00 vdc

Fixed 40 /zf, 450 v. Plug-in

:ixed, 40-40]M, 450 v. Dual

fixed Mica, 1000 i$/gzf, _I0% 500vdt

, ?ixed Mica, 470/z/Af, +10% 500 vdc

, ?ixed Mica. 47/A/Af, +10% 500 vdc

6 7

UNIT PROCURE-

PER MENT
ASSY. CODE

6

1

1

3

3

1

1

1

1

8 -19

8 -20

8 -21

8 -Z2

8 -Z3

8 -Z4

8 -25

8 -26

8 -27

CR801-

CR804

CR809 -

CR815

CR816 -

CR824

3R805-

CR808

r8Ol

DS801-

DS804

L801

L802

L803

P801

R802

Hughes

HD6227

Go E°

IN1695

Pacific

Semi -Conducto

PC 030

B_ssmann

AGC

Eldema

ICG1Z-4535

UTC

MQA -17

UTC

HVC-8

Cannon

DD-50P

Mil

RCZOGF434.I

[III
I D

)ICl 3E

"U{ E,

,AI IF

NE J(

NE 3C

:)L' !G

iE; IS"

1 Lm'

eo: tl

T R, 10

T R

Male, 5[

02 Ftxe

Spec. 21C-3864-7

ly, 7 ma. max.

Pin cont,,ct. 5 amp. rating

Composition, 430K, +5% 1/2 w

11



4 5I 2

ITEM REFER.
NO. DESIG-

NATOR

8-Z8 R803

R809

R811

R8Z0

R8ZI

8-Z9 R805

R883

R823

R8Z5

RSZ6

R8Z9

R831

R834-

R837

R861

R866

R877

R880

R881

R854

8-3q R806

R830

R859

8-31 R807

R86Z

R865

8-3.: R815

R819

8 -3. _ R816

8-3_ R817

R818

R833

R868

R869

R871

8-3' R8Z8

R839

R845

R851

8-3¢ R83Z

R838

R844

R850

R863

R864

R867

R870

R872

8-3" R855

3

CLASS STOCK
NO.

MFG. AND
PART hlO.

Mil

RCZOGFZ44J

Mil

RCZ0GFIO4K

Mil

RCZOGF563K

Mil

RCZOGFIZ4K

Mil

RCZOGFZZ4K

Mil

RCZOGF10ZK

Mil

RC20GF6Z4J

Mil

RCZ0GFZ04J

Mil

RCZ0GF6Z4J

Mil

RCZ0GF8Z4K

DESCRIPTION

;II F(

I

I

! 2 3 4 5 6 7

I

:ed composition, Z40K, J:5% l/Z w

:ed Composition, 100K, :1:10% l/Z w

_'i_ced Composition, 56K, +10%, l/Z w

F] ted composition, lZ0K, *10% I/Z w

;_'71 _T _ composition, 1K :1:10% 1/2w

IF ,doompo,,,ioo.62Kl/2w

:S_;Tt

:SII_Tt

i

!

lSl _T'

I

_R,

Fil

Ft

Fi

(ed composition, Z00K, +5% I/Z w

xed composition, 620 K _:5% I/Z w

ted composition, 87.0K :riO% I/Z w

6

UNIT
PER

ASSY.

5

17

7

PROCURE-
MENT
CODE



8-38

8-39

8 -40

8_41

8...42

8-43

8 -.44

8-45

8-46

8-41

8-4_

8-4 _

8-5C

8-51

8-52

8-52

8 -54

8-5. E

8-5(

8-57

8-58

REFER.
DESIG-
NATOR

R857

R810

R808

R856

R858

R8Z4

R827

R860

R814

R840

R84l

R846

R847

R85Z

R853

R84Z

R873

R874

R879

R875

R878

R876

R849

R843

R8Z2

R801

R804

R81Z

R813

R848

R88Z

3

CLASS STOCK
NO.

MFG. AND
PARTNO.

Mil
RCZOGF353K

Mil

RCZOGFZ0ZJ

Mil
RCZOGFI05K

Mil

RCZOGFIZ4K

Mil
RCZOGFZZZK

Mil

RC4ZGF2.ZZK

Mil
RC4ZGF433J

Mil
RCZOGFZ05J

Mil

RC42GFI01K

Mil

RC4ZGFSIIJ

Ward l,eonard
10F8000

Ward Leonard

10F3000

Mil
RC4ZGFZOZJ

Allen Bradley
JAIL 040SZ55'

Allen Bradley

JAIL040S505U

Allen Bradley

JAIL040SI04U'

Mil

RGZ0GFZ71K

Mil

RCZOGF43ZK

Mil

RGZOGF475K

Mil

RCZOGFI05J

Mil

RCZOGF455K

DESCRIPTION

2 3 4 5 6 7

tiit [t"

I

I

_I I_ (]1 , il

I
I

_; I_ :, "i:

I

lg I_¢ t, "i:

I

i_ed composition, 33K ±10%, 1/2 w

/
[_ed composition 2K, 4-5% 1/Z w

I
i_ed composition, 1M 4-10% 1/Z w

ld composition, lbZM, 4-10% 1/2 w

i

iked composition, Z. ZK, +10% 1/2 w

i_ed composition, 2. ZK, +10% Z w

:ed composition, 43K, 4-5%, Z w

;ed composition, ZM, 4-5% I/Z w

ted composition 100fa *10% ZW

6 7

UNIT PROCURE.
PER MENT

ASSY. CODE

L

3

2

1

1

6

1

Z

S] rI R,I

sl re _,1

S: r( R,I

s: rl R,I

T NlIO

,T N1 IO

,T N1 IO

i

:S Ti,R,

;S T_ R,

:S Tt aq,

;S T' _R,

E_ _T )R

"lxed composition, 510fl 4-5% 2 w

[
Fi_ed, wire wound 8K, 10w

Flxed, wire wound 3K, 10w

'i_ed composition, ZK, 4-5%, ?. w

aE

!

_E

Fi

Fi

Fi

F

FER, Z. 5M Zw, Linear Taper

rER, 50K, Zw, Linear Taper

TER, 100K, ZW Linear taper

xed Composition Z70_ 4-10% 1/2 w

:ed composition, 4.3K, 4-10% 1/Z w

ted composition, 47K, 4-10% 1/Z w

:ed composition, IM, +5% 1/2 w

xed composition, 43K, +10% 1/2 w

1

l

1

1

z



1 2

ITEM REFER.
NO. DESIG-

NATOR

8-59 T801

8-60 T80Z

8-61 T3801

8-62 V801

8-63 va0z

V803

V805-

V807

8-64 V804

V808-

V811

8-65 V81L

V815

8-66 V813

V814

8-67 XC808

XC83Z

_853

8-6_ XDS801-

XDS804

8-69 XF801

8-70 XV80Z-

XV811

8-71 XV801

XV81Z-

XV815

8-72

8 -73

8-74

8-7_

8-76

3

CLASS STOCK
NO.

MFG. AND
PART NO,

Triad

JO-13

Chicago Std.

PHC-60

Cannon

Comm.

6660

Comm.

5963

Coma

IZAT7

Comm.

OBZ

Commo

OAZ

Jan

TSI01POI

Eldema

11H4593

Bussmann

HKP

Jan

TSI03POI

Jan

TSIOZPOI

Jan

TS10ZUOZ

Jan

TS10ZU03

Jan

TSI03UOZ

Eldema

llH-4110

Eldema

llH=4119

2 3 4

r

Z(_NN

,rai

rt s_

rt _EJ

rt BE

i
I

r[ BE

IN )I(

Fi SE

S( CH

so_._

SI- IEJ

SI- [El

SI- [El

L ] :N.¢

L ] :N_

5 6

;I )R 4E
; )R ¢E

,:C rc t,
n_

]le( trc

E ec rol

] le_ trc

i

] le_trc
,

I

] le]trc

_T O_cta

!
I

A[ OR hc

h¢ [de

El, 9 Pi

_] , 7 Pl

,D T_ ,be

,D Tl ,be

,D T_ .be

C p (rr_

C p (!Re,

DESCRIPTIQN

7

R

R

Female, 50 Pin Contact, 5 amp

n

n, voltage regulator

n, Voltage Regulator

, mica filled

Lder

Miniature, Mica Filled

miniature, Mica Filled

_slucent)

6

UNIT
PER

ASSY.

4

!

I0

5

1

4

10

3

7

PROCURE.
MENT
CODE



4 5I 2
ITEM REFER.
NO. DESIG-

NATOR

1

CLASS

3

STOCK
NO.

MFG. AND
PART NO.

MaT._an

2_B508C

DESCRIPTION

! 2 3 4 $ 6 7

AL ;['_ _[, I ,oh _R

6 7

UNIT PROCURE-

PER MENT
ASSY. CODE



1 2
ITEM REFER.
NO. DESIG-NATOR

4-1

4-Z C401
C40Z

C4ZI-C4Z3

4-3 C403

C4Z5

G443

C444

4-4 C424

4-5 C404

C4Z6

4-6 G441

C44Z

4-7 G445

4-8 CR401

CR4ZI

4-9 CR40Z

CR4ZZ

4-10 CR44Z

4-11 F401

F403

4-1Z F40Z

4-13 F404

4-14 P401

4-15 Q4Z3

Q44Z

4-16 Q40I

Q4z 1
Q441

Q4ZZ

4-17 Q40Z

Q403

Q4z4

Q443

4-18 Q4O4

Q4Z5

Q444

4-19 R401, R40i

R4ZIA

R4ZIB

R441

R44Z

4-Z0 R403

R443

4-ZI R404

R4Z5

R444

3

CLASS I STOCK
NO.

MFG. AND
PART NO.

1 2

MEG _S

165-4C

Mallory

20-71937

Cornell Dublli

PM4SI

Cornell Dubili,

PM4PI

Fansteel

F308-1

Mallory

Z0-71855

Fansteel

F316-I

G.E.

4JAZIIABIACZ

International

Rectifier

IN1519

International

Rectifier

IN15Z4

Bussmann

AGC

Bussmann

AGG

Bussmann

MDX

Cannon

DD-50P

Delco

ZN553

Delco

ZN443

G.E.

2N525

Sylvania

ZN377A

Ward Leonard

5Xl

Ward Leonard

5XZ

MIL

RC4ZGFIOZK

DESCRIPTION

U E

S U PPL Y

;omputer Grade, 4000/_f 60 vdc,
Alum. can with acetate sleeve.

"ixed, Mylar, .01X_f 400 vdc

'ixed, Mylar, . l#f 400 vdc

_lu-cap, 100_f 30vdc

;omputer Grade, Z000#f 100 vdc,

Alum. can with acetate sleeve.

Hu-cap, 30/_f 100 vdc

(IZ4.7)

IZIZ)

n, Slo-Blow, 3 Amp.

Mount with Parts @i00 & #I01)

Lug type Leads)

ohm, i_ 5W

R: 5I

R S]

.ohm, Z_ 5W

:ed composition, 1K el0% ZW

6

UNIT ,

PER
ASSY.

7

PROCURE.
MENT
CODE



I 2

REFER.
NO. _

NATOR

4-Z_ R405

4-Z3 R406

4-24 R407

R4Z8

R447

4_Z5 R408

4-Z6 R409

R430

R449

4-Z7 R410

R431

R450

4-Z8 R411

R43Z

4-Z9 R41Z

4-30 R414

R435

4-31 R415

4-32 R415

4-3: R4ZZ

4-5 R4Z3

R4Z4

4-35 R4Z6

R437

4-36 R4Z7

R446

4-37 R4Z9

R448

4-38 R433

R416

4-59 R456

4-40 R434

4-41 R451

4-4Z R455

4-43 R454

4-44 R455

4-45 R451

4-46 R445

4-47 T401

4

k_'O. AND
pART NO.

MIL

RC4ZGFISIK

MIL

RCZOGF681K

MII,

RCZOGFI01K

MIL

RCZ0GFIZZK

MIL

RCZOGFSZZK

MIL

RCZOGF6ZI3

MIL

RCZOGF47ZK

MIL

RC3ZGFIZIK

Chicago Tel.

RAZOLASBZSOA

MIL

RC3ZGFSZ0J

MIL

RC4ZGFI31$

Ward Leonard

10FI

Ward Leonard

10FZ

Ward Leonard

10FIS0

MIL

RC32GF681K

MIL

RC32GFIZ2K

MIL

RC4ZGFZ71K

MIL

RC3ZGFSIOJ

MIL

RC4ZGF 181J

MIL

RC4ZGF30ZJ

Allen Bradley
JLU-1011 or

JA 1L040SI01U

MIL

RC4ZGFZTZJ

Ward Leonard

5X500

MIL

RC3ZGF561J

Ward Leonard

10gzs0

TTI 5486

1 2 3 4

5

DESCINPTION

5 6 7

ed composition, IS0 ° 4.10% :PW

composition. 6800 4-10% I/ZW

ed composition, 1000 4-10% I/ZW

ted composition, I.ZK 4-10% llZW

_ed "composition, 0. ZK *10% I/_-W

6z0_ _5% I/2W

:ed composition. 4.7K i10% I/ZW

_ed composition, 1200 4-10% IW

FER, Z50 ZW

composition, 8Z0 4-5% IW

ted composition, l_Ofl 4.5% ZW

Wire wound, 10. lOW

Wire wound, ZO lOW

Wire wound. 150 ° 10W

composition, 6800 iI0% IW

composition. I.ZK 4-10% IW

ed composition, ZTOG :_I0% ZW

composition, 51 o _5% IW

:ed composition, 180G _5% ZW

composition, 3K 15% ZW

'ER, 100Q ZW, Linear Taper

ed composition, Z.TK _5% ZW

ed. Axiohm. 5000 5W

composition, 5600 4-5% IW

Wire wound, Z50G 10W

6

UNff
m

:7

COOE



1 2

ITEM REFER.
NO. DESIG-

NATOR

4-48 T3401-

T J404

4-49 XF401-

XF404

3

CLASS STOCK
NO.

,i
MFG. AND
PART NO.

H.H. Smith

ZLI

Bussmann

HKP

3 4 5

A K

"t _£ [C

DESCRIPTION

6 7

[d I _t 3ansna (Black)

6 7

UNIT PROCURE-
PER MENT

ASSY. CODE
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- 17 V AND - 20 V POWER SUPPLY 

MEC MODEL 76-9 A 

1. GENERAL 

at 3 amps. 
This power supply develops regulated output voltages of -17V at 40 amps and -20V 

The -20V portion is  developed by adding a -3V supply on the bottom of the 
-17V Supply. 

2. - 17V SUPPLY 

2-1. The 17V power supply i s  regulated by silicon controlled rectifiers (SCR) 
CR901 and CR902, by controlling the time which cur ren t  can flow through their  ex- 
ternal circuit. 
amount of the input a -c  cycle; when the external load is large,  the SCRs a r e  on fo r  
almost all of the input a -c  cycle. 
trolled by N901 (TN160) and i t s  associated external circuitry. 

When the external load is small, the SCRs a r e  "on" for only a small  

The length of tims which the SCRs a r e  on is con- 

2-2. CR901 and CR902 a r e  SCRs which a r e  phase-controlled elements used as a 
The two SCRs a r e  

The operation of the circuit  in 
full wave rectifier element f rom the output of t ransformer  T902. 
fixed by gate signals f rom a common source, TN160. 
TN160 is as follows: The unijunction transistor Q1 ac t s  as a relaxation oscillator 
synchronized by its inter-base voltage supply. 
to the output of a single phase bridge formed by diodes CR904, CR905, CR906 and 
CR907, through R906. Zener diode (CR1) in the TN160 clips the rectified voltage, 
which charges capacitor C907 through res i s tor  R7 in TN160. This voltage f i r e s  the 
unijunction transistor and whichever SCR has a positive anode voltage during that half 
cycle of the a -c  input. Upon firing, the voltage ac ross  the SCRs decrease  to the for -  
ward conduction value of l e s s  than 1 volt. 
it discharged until the a-c input is reversed, at which time a new timing cycle starts for 

0 
The firing circuit  (TN160) is connected 

This discharges capacitor C907, and keeps 

- 17v and - 2Ov Power Supply 

Page  1 of 5 



M E  907 

the  a l t e rna te  SCR. 
and i t s  assoc ia ted  circuitry) through R6, Ql  will  f i r e  within t en  deg rees  a f te r  the be- 
ginning of each half cycle of the a-c supply voltage. 
SCRs will  del iver  the maximum voltage to the load. 

If no cu r ren t  is being shunted by the voltage control  c i rcu i t  (Q2 

At th i s  minimum f i r ing  angle,  the 

2-3. Q2 controls the f i r ing angle  by shunting C907. An inc rease  of base  c u r r e n t  
of Q2 will dec rease  the effective r e s i s t ance  of Q2, which will  add a loading to C907, 
changing the charging t ime  constant. 
angle so that a v e r y  small output will  occur  f r o m  CR901 and  CR902. 

Th i s  divers ion of cu r ren t  wil l  r e t a r d  the f i r ing 

2-4. DETAILED DESCRIPTION - The  base  c u r r e n t  of Q2 is a feedback s ignal  
( o r  e r r o r  voltage) developed f r o m  comparing a voltage on the base of Q2 (which is 
proport ional  to the output voltage) and a re ference  voltage a c r o s e  zene r  diode CR2 in  
the TN160. 
m o r e  col lector  current .  
longer  to  charge,  and will therefore  de lay  the t ime  of the peak voltage on Ql . ( the peak 
voltage on Q1 is the voltage n e c e s s a r y  to f i r e  Ql). 
r e t u r n s  the output voltage to normal.  If the output voltage drops ,  the r e v e r s e  action 
takes  place. 

If the voltage t r i e s  to r i s e ,  m o r e  base  c u r r e n t  flows in  Q2, resul t ing i n  
More  col lector  cur ren t  in  Q2 will  r e su l t  in  C907 taking 

Th i s  r e t a r d s  the f i r ing angle and 

2-5. C906 a n d R 5  a r e  to inc rease  stabil i ty in  the feedback circuit.CR903 acts 
as a f r e e  wheeling diode to maintain cu r ren t  in the load and f i l t e r  choke when the SCRs 
a r e  both blocking. 
load. 

It contributes to over -a l l  c i rcu i t  stability. R905 is a minimum 
L901 and C901 through C905 a r e  the f i l t e r  section. 

a 

b 
I 

I 

SCR’S - 

Power supply,  Bottom View, Showing Silicon-Controlled Rect i f ie rs  

Page  2 of 5 



ME 9O7

3. -20V SUPPLY

The -ZOV supply is only a -3V supply added on the bottom of the -17V supply. The

voltage is rectified by CR908 and filtered by R907 and C908. Since the forward drop

through silicon diodes are approximately constant through a large change of current,

CR909, CR910 and CRgll are used as a voltage reference. Q901 acts as a shunt

regulator, since its emitter voltage will be only about 0. 3 volts from its base voltage,
which is constant. Therefore the output voltage across Q901 is constant within the

current rating of the supply. A constant current is flowing through R907, R908 and

R909. When there is no externalload, this current flows throughQ901, but when there

is an externalload, current Which flows through the externalload is subtracted from
the current flowing through Q901. R910 provides current for CR909, CR910 and CRgll.

Page 3 of 5
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TRANSISTOR POWER SUPPLY 
MEC MODEL 165-4C 

1. GENERAL DESCRIPTION 

A Milgo type 165-4C Power  Supply has  th ree  outputs: the  f i r s t ,  a t12v ,  ( t l v ,  -3v) a t  1 

a m p e r e  output; the second, a -2Ov, ( t2v,  -6v) a t  2 a m p e r e s  output; and the third,  a -65v 

(*5v) a t  one ampere  output. The  -65v supply is s tacked on the bottom of the -2Ov supply, 

thereby giving an  output of -85v. The a-c  input of th i s  supply can v a r y  f r o m  lOOvac 

to 130vac and f r o m  45 to 60 cycles .  

and has  a f ront  panel 8-314 inches high by 8-718 inches wide. 

35 pounds, 

The unit is mounted in a s tandardMilgo slide-type r ack  

I t s  weight is approximately 

2.  +12v SUPPLY 

2-1. A port ion of the output of t r ans fo rmer  T401 is  rect i f ied by a b r i d g e  rec t i f ie r  CR401 

and f i l t e red  by r e s i s t o r  R401 and capaci tors  C401 and C402. The voltage a c r o s s  capac i tors  

C401 and C402 is normally 20v (approximate).  T rans i s to r  Q401 and r e s i s t o r s  R402 and R403 

ac t  as a var iab le  r e s i s t ance  element  in s e r i e s  with the output load, which can be  var ied  to  

maintain a constant output voltage a c r o s s  a var iab le  load. A s  the load cu r ren t  i nc reases ,  

the effective res i s tance .of  Q401 is decreased  so that the IR d rop  a c r o s s  R402, R403, and 

Q401 will r ema in  constant producing a constant output voltage.  If the input a - c  l ine voltage 

should inc rease ,  the d-c voltage a c r o s s  f i l t e red  capac i tors  C401 and C402 would inc rease  

and the effect ive r e s i s t ance  of Q401 must  i nc rease  again so that the outputvoltage will r ema in  

constant.  
a 

Trans is tor  Power  Supply 
a 

Page 1 of 7 



2-2. The effective resi._tnnce of Qi01 is controlled by the control section, consisting of

transt._tors Q40L, Q403, Q404, and their associated circuitry. Q404 determines whether

the output voltage ts too high or ton low and ts followed by power amplifiers Q403 and Q402,

which amplify the control signal to the necessary power level for driving Q401. ! he base

voltage of Q404 is referenced from the output of 4.7v zener diode GR402. The emitter

voltage of Q404 is determined by the resistor divider network of R413, R414,andR415. The

voltaire frovn the wiper of potenttometer R414 is applied to the emitter of Q404.

2-3. As the output voltage increases, the magnitude of the voltage from the wiper of

R414 will also increase proportionally. Since the output across zener diode G1R40Z remains

constant as the output voltage increases, the emitter voltage tends to go posttive with respect

to the base voltage, driving Q404 toward cutoff. As Q404 goes toward cutoff, there is less

collector current through R410, so there is less base current in Q403. The emitter current

of Q403 decreases, reducing the current through R407 and base current of Q402. With less

base current in Q402, the emitter current decreases, reducing the base current of Q401.

With less base current, the effective resistance of Q401 will increase. Therefore, the output

voltage decreases until Q404 senses the correct relationship between the output voltage and

the zener voltage of GR402.

2-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the emitter of Q404 also decreases, tending to make the emitter more

negative with respect to the base. This increases the collector current of Q404, which in-

creases the base current of Q403, thus increasing the emitter current of Q403 and the base

current of Q402. This in turn increases the emitter current of Q402 and the base current of

Q401, which reduces the effective resistance of Q401, causing the output voltage to return to

its regulated value. Q404 actually is matching the zener voltage to the emitter voltage.

2-5. Since a portion of the output voltage applied to the emitter of Q404 can be varied by

potentiometer R414, and the emitter voltage of Q404 is to remain constant, the output voltage

must be changed as the resistor R414 is changed. In thlsmanner, the regulated output voltage

can be adjusted over a range of +9v to +13v. Capacitor C403 has been added to prevent hunting.

Resistors R40Z and R403 are included to limit the peak current through transistor Q401 to a

safe value if the output terminal is short circuited, and to provide reverse bias for Q401 and

Q402. Resistor R404 provides a path for the leakage current of Q402 sothatthiscurrentdoes

not affect the base current inQ401, allowing Q401to be more nearly cut off during a light load.

3. -20v SUPPI,Y

3-1. A second portion of the output of transformer T401 is rectified by bridge rectifier

GR421 and filtered by parallel resistors R421A and R421B, and capacitors G421, G422, and

G423. The d-c voltage across capacitors G4ZI, G422, and G423is 30v (approximate). Trans-

istors Q421 and Q422 with their associated resistors R423, R424, and R4?g act as a variable

resistance element in series with the output load, which can be varied to maintain n constant
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outputvoltageacrossavariableload. As the load current increases, the effective resistance

of Q421 and Q422 is decreased so that the IR drop across R422, R423, R424, Q421, andQ422

will remain constant, producing a constant output voltage.

3-2, If the tnputa-cltnevoltagesbould increase, the d-c voltage across filter capacitors

C421, C422, and C423 would increase, and the effective resistance of Q421 and 0422 must

increase again to keep the output voltage constant. The effective resistance of Q421andQ422

is controlled by the control section, conststtng oftransistorsO423, 0424, and Q425 and their

associated circuitry. Transistor Q425 determines whether the output voltage is too high or

too low and is followed by power amplifiers Q424 and Q423, which amplify the control signal

to the necessary power level for driving Q421 and Q422. The base voltage of Q425 is refer-

enced from the output by a 4.7v zenerdiodeCR422. The emitter voltage of Q425 is determined

by a resistor divider network R434, 1_435, and R436. The voltage from the" wiper of potentto-

meter R435 is applied to the emitter of Q425.

3-3. As the output voltage increases, the magnitude of the voltage from thewiperofR435

will increase proportionally. Since the output across CR422 remains constant as the output

voltage increases, the emitter voltage tends to become positive with respect to the base

voltage, driving Q425, which is an NPN transistor, toward cutoff. As Q425 goes toward

cutoff, there is less collector current through R431, and consequently, there is less base current

in Q424. With less base current in Q424, the emitter current of Q424 decreases. With less

emitter current in 0424, the current through R428 and the base current of Q423 also decrease.

This reduces the emitter current in Q423 and 'reduces the base current in Q421 and Q422.

Less base currentinQ421 and 0422 increases their effective resistance, which increases the

I1R drop across them. Therefore, the output voltage decreases until Q425 senses the correct

relationship between the output voltage and the zener voltage of CR422.

3-4. Conversely, if the output voltage decreases below the desired value, the portion of

the output voltage applied to the emitter of Q425 also decreases, tending to make the emitter

more negative with respect to the base. This increases the collector current of Q425, in-

creasing the base current of Q424, which in turn in'creases the emitter current of Q424 and

thebase current of Q423. This, in turn, increases the emitter current 0f Q423 and the base

current of O421 and 0422, reducing the effective resistance of Q421 and 0422, and causing

the output voltage to return to its regulated value. Transistor 0425 is actually matching the

zener voltage to the emitter voltage.

3-5. Since a portion of the output voltage applied to the emitter of Q425 can be varied by

potentiometer R435, and the emitter voltage of 0425 is to remain constant, the output voltage

will have to be changed as the resistor R435 is changed. In this manner, the regulated

voltage of this supply can be adjusted from -14v to -22v. Capacitors C425 and C424 provide

feedback for stabilization purposes.

3-6. Resistors R423 and R424 serve two functions. First, they force the collector current

of O421 and 042-2 to balance. Since the bases are tied in common, if one transistor conducts
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more than the other, the higher IR drop _,_their associated resistor would tend to r'everse

bias the transistor with the most current and, in this manner, force the currents to balance.

Second, if the output supply is shorted, resistorsR422, R423andR424 limit the peak current

through Q421 and Q422 to a safe value while fuse F402 is melting. Rest_tor R4ZSprovidesa

pathfor the leakage current of Q423 so that this leakage current does not affect the base

current'in Q421 and Q422. This allows Q421 and Q4Z2 to be more nearly cut off during a

light load.

4. -65v SUPPLY

4-1. A third portion of the output of transformer T401 is recttfied_y a bridge rectifier

CR441 and filtered by resistor R441 and capacitors C441 and C442. The voltage across

capacitor C441 and C442 is normally 75v {approximate}. Transistor Q441, and resistors

R442 and R443, act as a variable resistance element in series with theoutputload, which can

be varied to maintain a constant output voltage across a variable load. As the load current

increases, the effective resistance of Q441 iadecreased so that the IR drop across R44Z,

R443, and Q441 will remain constant, producing a constant output voltage. If the input a-c

line voltageincreases, the d-cvoltage across filtered capacitors C441 and C442 will increase

and the effective resistance of Q441 must increase again so that the output voltage will re-

main constant.

4-2. The effective resistance of Q441 is determined by the control section, consisting of

transistors Q442, Q443, and Q444 and their associated circuitry. Q444 determines whether

the output voltage is too high or too low and is followed by power amplifiers Q443 and Q442.

These amplify the control signal to the necessary power level for driving Q441. The emitter

voltage 'of Q444 is referenced from the output by a 1Zv zener diode CR442. The base voltage

of Q444 is determinedbytheresistor divider network of R452, R453, and R454. The voltage

from the wiper of potentiometerR453isappliedtothe base of Q444. The zener is referenced

from the positive side of this supply to reduce the emitter-to-collector voltage of Q443 and

Q444 to less than 25v.

4-3. As the outputvoitage increases, the magnitude of the voltage from the wiper of R453

will also increase proportionally. Since the output across zener diode CR442 remains

constant as the output volts increase, the base voltage tends to become negative with respect

to the emitter voltage, driving Q444 toward cutoff. As Q444 goes toward cutoff, there is less

collector current through R450 and less base current in Q443. The emitter current of Q443

decreases, reducing the current through R447 and the base current of Q442. With less base

current, the Q442 emitter current decreases, reducing the base current of Q441. With less

base current, the effective resistance of Q441 increases. Therefore, the output voltage de-

creases until Q444 senses the correct relationship between the output voltage and the zener

voltage of CR442.

4-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the base of Q441 also decreases, tending to make the base more positive
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with respect to the emitter. This Increases the collector current of Q444, increasing the

base current of Q443, and increasing the emitter current of Q443 and the base current of

Q443. This in turn increases the emitter current of Q44Z and the base current of Q441, re-

ducing the effective resistance of Q441, and causes the output voltage toincrease and to return

to its regulated value. Q444 Is.actually matching the 7.ener voltage to the base voltage.

4-5. Sin@e a: portion of the output voltage applied to the base of Q444 can be varied by

potentiometer R453, and the base voltage of Q444 is to remain constant, the output voltage

will have to be changed as the resistor R453 is changed. In this manner, the regulated output

voltage can be adjusted over a range of -60v to -70v. Capacitors C443 and C444 have been

added to prevent hunting. Resistors R442 and R443 are included to limit the peak current to

transistor Q441 to a safe value if the output terminal is short circuited, and to provide re-

verse bias for Q441. Resistor R444'provides a path for the leakage current of 0442 so that

this current does not affect the base current in Q441. This allows Q441 to be more nearly

cut off during a light load. This -65v power supply is stacked on the bottom ofthe-20v supply

giving a combined output of -85v.
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DATA LINE AMPLIFIER 
MEC MODEL 71-8 A 

1. GENERAL 

1-1. The  Data Line Amplif ier  receives  data i n  the f o r m  of modulated tone b u r s t s  of 

approximately 2 kc  a t  a 1 kc repeti t ion r a t e  f r o m  3 kc voice channels on balanced o r  un- 

balanced communication l ines ,  equalized f o r  1 kc data bit r a t e .  

a r e  0 .5  mil l iseconds.  

v a r y  in  length depending on the sys tem in  which the Data Line Amplif ier  is used.  

sys t ems ,  SOW and /o r  EOW may not be used. 

which is synchronized to  data ,  and pulse  outputs of 10 to  20 vol ts ,  depending upon terminat ion,  

approximately 10 microseconds  wide, f o r  data,  SOW, and EOW. 

cathode follower outputs and r equ i r e  terminating r e s i s t o r s  external  t o  the c h a s s i s ,  

Line Amplif ier  Input-Output Relationships f igure  shows the  relat ionships  of incoming and 

outgoing data .  

f o r  generat ing regulated +250 vol ts  and -250 volts  f o r  u s e  within the chass i s .  

The tone bu r s t s  f o r  data 

The bu r s t s  f o r  Start  of Word (SOW) and End of Word (E0W)may  

In some 

The  outputs a r e  a 1 kc sinusoidal waveform 

The  pulse  outputs a r e  

The Data 

The  unit opera tes  on 115 volts * 10 vac  and has  a self contained power supply 

D S 8 0 2  - 

I 

DS801- 

Data Line Amplif ier  

DS 803 

DS 804 

F 801 
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2. DETAII,GD DIqSCRIPTION

g-l. Incoming Signals - Data enters the chassis in the form described in paragraph

I-I. at pins lq and 17 of Pa01. The inputs are connected to pins 1 and 2 of the bridging

transformer T80I, whtch has a I0,000 ohm input impedance. External resistors must be

used to match the communication line impednnce, normally 600 ohms. Thts makes tt possible

for one or more receiving lino amplifiers to be used on a single circuit, if ._o desired. The

signal ts then filtered in a b_nd pass filter for noise rejection before entering the first stage

of amplification. The incoming signal can be seen unfiltered at T J801, pin 16. However,

at this point, the circuit is loaded with the filter impedance and does not give a true represen-

tation. The filtered signal can be seen at T J801, pin 50. Potentiometer R801 provides level

selection of the incoming signal to the amplifier and is nominally set for a signal swing of

approximately 0.5 volts peak to peak at pin 2 of It801. The filtered signal is a-c coupled to

the control grid, pin 1, of V801. This is a remote cut-off pentode tube with AGG applied as

bias to the control grid through R802. The signal at the output, ptn 5 of V801, is a-c coupled

to the grid (pin 2) of V80ZA which provides the 'second stage of amplification. The output of

V80ZA pin 1, drives a phase splitter, V802B at pin 7, which has outputs at pins 8 and 6 which

are out of phase; that is, when pin 6 is going positive, pin 8 is going negative and vice versa.

An output at the junction of R81Z and R882 in the cathode of V802B is provided for purposes of

recording the data on tape. Each output of the phase splitter drives one-half of V803, a push-

pull amplifying stage with a common cathode resistor, R816. The outputs of V803, pins 1 and

6, drive the detector, composed of diodes GR801, GR802, and related circuitry. The anodes

of these diodes are clamped to 0 volts by diode GR803. Potentiometer R822 determines the

d-c bias at the cathodes of the detecting diodes, and in this way determines the amount of the

negative going a-c component of the signal from V803 which will appear at the grid, pin 3 of

V804A. V804A is an amplifier which is biased near full conduction by R883 and GR803 which

clamps the grid voltage to 0 volts. Negative going pulses from pin 1 or 6 of V803, which

exceed the bias voltage determined by R822, cause diode GR801 or GR802 to conduct, turning

off V804A and producing a positive pulse at its output, pin 1. Negative pulses atthe diode

detector output also conduct through diode CR804, are filtered, and applied to the grid of

V801, the first stage of the amplifier, for AGG action. The detected signal at the output of

V804A is amplified and inverted by V804B w_hich drives the logic circuitry. The waveforms

of the detected signal are shown in the Data Line Amplifier Waveform Figure.

2-2. Logic - The negative going edge of the detected signal triggers the data one-shot,

V805, a 450 microsecond one-shot, which in turn produces a positive going pulse at pin 6

triggering the SOW one-shot V806, and the NOW one-shot V807; three conditions are now

possible:

a. The incoming signal is a data burst. In this case, the data one-shot V805,

completes its time delay in 450 microseconds and triggers off the SOW and EOW one-shots as

pin 6 of V805 goes negative.
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b. The incoming signal is a SOW burst. In this case, the data one-shot continues

to receive negative pulses and does not complete its time deIay in 450 microseconds. The

SOW one-shot V806, is not triggered off, but completes its time delay at a time determined

by R849 (normally 2 milliseconds). The EOW one-shot V807, is triggered off by the data

one-shot because the incoming code burst has ended (normally 2.5 milliseconds) before the

EOW one-shot could compIete its time deiay.

c. The incoming signal is an EOW burst. When the data one-shot is held on for

that duration, both the SOW and EOW one-shots complete their time deiays before the data

one-shot can trigger them off. The period of the EOW one-shot is determined by R843 and

is normally 4 milliseconds.

2-3. As the SOW one-shot is triggered on for every data code burst, its output at pin 6

is used to drive the data output cathode follower at pin 7 of V808. This reduces loading on

the data one-shot. The grid of the data cathode follower is biased at approximateiy -25 volts.

The cathode is normaily returned through an external resistor to -Z0 voits. The cathode foI-

lower wii1 now conduct when positive pulses occur at the grid, producing a positive output

pulse approximately 10 microseconds wide at the mid-point and 20 volts in amplitude, each

time there is an incoming data burst, SOW burst, or EOW burst. A neon indicator, DS80g,

connected to the pIate, pin l, of the data one-shot V805, indicates when data is triggering

the data one-shot. This data indicator glows faintly during data absence, but increases in

intensity when data is present.

2-4. SOW is recognized by the fact that the SOW one-shot has completed its time delay

before the data one-shot has returned to its quiescent state (this wiii occur for both incoming

SOW and EOW). When the incoming signal consists of data bursts, and the SOW one-shot is

being triggered on by the leading edge of the data one-shot, and off by the trailing edge, the

two one-shot waveforms have basically the same width. The negative going pulse from the

data one-shot, pin 1 of V805, is connected to the plate of CR806, which is one'leg of a diode

gate for detecting SOW. The positive going pulse from the SOW one-shot, pin 6 of V806, is

connected to the plate of CR805, which is the remaining leg of the gate for recognizing SOW.

When the two pulses to CR805 and CR806 have the same width, the junction of the two diodes

is maintained positive, keeping the grid of V810B, pin 7, at a voltage which will retain that

hail of the tube in full conduction, as diode CRSll damps the voltage to the grid at 0 volts.

Capacitors C817 and C825 filter spikes that occur as a result of slight discrepancies of

switching times. When an SOW burst occurs, the SOW one-shot completes its time delay, but

the data one-shot is stii1 on. This situation produces a voltage which is approximately +20

volts at the pIates of both CR805 and CR806, causing the junction of the two diodes to drop to

approximately 20 volts where normally one of the two one-shots had maintained this point

at approximately +200 volts. The voltage divider consisting of R834, R835, and R863,

which is returned to -250 volts, now produces a negative voltage at the grid (pin 7) of V810
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turning the tube off andproducinga positive pulse at pin 6, the output. After differentiation,
this pulse drives a cathodefollower, V808A, which is identical to the datacathodefollower
just discussed. A neonindicator at the plate, pin 6, of V810Bindicates whenSOWhasbeen
detected. The SOWgatewill recognizethe sameset of circumstancesfor EOW, asthis
producesthe sameconditionof the SOWone-shottime delay, endingbefore the incoming code
burst allows the dataone-shotto return to its quiescentstate.

2-5. EOW is recognized in a similar manner as SOW. The EOW one-shot V807, is

triggered on and off by the data one-shot which applies positive and negative pulses at its

grid, pin 2. As this one-shot is set for a period exceeding that of the SOW one-shot, when

a SOW burst occurs, it will not have completed its time delay before the data one-shot re-

covers from the SOW burst. On an EOW burst, the same circumstances are produced with

the EOW one-shot as just described for the SOW one-shot. The data one-shot produces a

negative pulse to the plate of diode CR807, as it did to CR806. The EOW one-shot produces

a positive pulse to the plate of diode CR808. During data bursts, the EOW one-shot is

triggered off by the data one-shot, and both pulses are of approximately the same width.

When an EOW burst occurs, the data one-shot is kept on, and the EOW one-shot completes

its time delay. This produces a negative pulse to the grid (pin 2) of V809A similar to that

previously discussed for SOW. The output at pin 1 of V809 is a positive pulse for EOW recog-

nition, which drives pin 7 of V809B, the EOW output cathode follower. This cathode follower

is identical to the data and SOW cathode followers. A neon indicator is connected to the plate

of V809A which indicates the detection of EOW.

2-6. Oscillator - The oscillator within the Data Line Amplifier provides a 1 kc sine

wave synchronized to data, and is used by external sources as a means of determining the

data bit rate, often referred to as clock. This is necessary as an accurate means of deter-

mining whether an absence of data represents one or more 0 bits.

2-6. i. The basic oscillator, V810A, is similar to a standard Colpitts configuration.

The frequency is varied by adjusting variable inductor L803. The oscillator is synchronized

to incoming data by V811B. Each time a data bit is recognized, one-shot V806 is triggered.

Its output, a positive pulse at pin 6, pulses V811B through capacitor C816. Since inductor

L803 is in series with the cathode of V811B, each time the tube is pulsed, current flowing

through the tube also flows through L803, which is within the tuned circuit of the oscillator.

The output of the oscillator, at pin 3, drives a cathode follower, V811A, whose output at pin

3 is a-c coupled to the output terminal, pin 7 of P801, as 1 kc output.

2-7. Power Supply - 115 vac enters the Data Line Amplifier at pins 34 through 37 of

P801. DS801 indicates when power is on. The a-c power is connected through fuse F1 to the

primary of transformer T80Z. A secondary, pins 3 and 5, provides 6.3 vac for tube filaments.
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are best determined by examining the detected waveform output, TJ801-48. It is convenient

for the remainder of the adjustments to use the delayed sweep feature of the oscilloscope.

UsinffEOW, T J801-9, as sync, and the delayed sweep, it is possible to examine incomin R

data occurring over a relatively long period at magnifications where the full sweep displays

only a few milliseconds of data, and the scope still maintains sync on a stable source.

The level and detection controls, potentiometers R801 and R822, should _e adjusted until the

detected waveforrn TJ801-48, has the appearance shown in the Data Line Amplifier Wave-

form Figure. The detected waveform is nominally a 15 to fi0 volt negative pulse. It can be

noted that for each bit of data, the ideal waveform produces two negative pulses, each with

full amplitude, and squared at the bottom. It is also acceptable and common, due to fre-

quency rolling, to have one of the two pulses of a lesser amplitude. It is unacceptable to

have three pulses, specifically because the data one-shot is re-triggered on the third pulse

making the output of V805 excessively wide. Proper adjustment, therefore, constitutes the

obtaining of maximum amplitude and squareness of the detected signal without detecting three

pulses for a data bit. If the adjustments have been made properly, one data pulse will appear

at T J801-13 for each data burst on the input at T J801-50.

2-8.3. SOW and EOW One-Shots - The SOW and EOW one-shots are variable

because the length of the SOW and EOW code bursts depend upon the system in which the Data

Line Amplifier is used. These one-shots are normally set for a period that produces a pulse

which is 0.5 milliseconds shorter than the incoming code burst for that signal. For example,

if SOW is a 2.5 millisecond burst, the SOW one-shot is adjusted for 2 milliseconds. If EOW

is a 4;5 millisecond burst, the EOW one-shot is adjusted for 4 milliseconds.

2-8.3.1. To properly adjust the SOW one-shot, using the delayed sweep of

the oscilloscope as previously described, synchronize on EOW at T J801-9 in the Data Line

Amplifier. On one trace observe the data input, T J801-50. On the remaining trace observe

the SOW one-shot, TJ801-44. Adjust the time delay of the scope sweep until a SOW burst is

seen. It is necessary to observe the one-shot pulse occurring during the SOW burst because

during a data burst the SOW one-shot is triggered off by the data one-shot and not allowed to

complete its time delay. Adjust potentiometer R849 to set the SOW one-shot for the desired

width. Adjust the time delay of the scope until an EOW burst is seen. Observe the EOW

one-shot, TJ801-46 and set potentiometer !R843 for the desired width.
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A secondary, pins 8 and 10, provides 600vac center tappedat pin 9 to 0 volts. Three diodes
in series are usedfor rectification to safely meet the voltage requirements. Diodes CR816
through CR8Z1 provide full wave rectification for +Z50 volts. Resistors R873, R878, and

R879 and capacitors C834A and C834B provide filtering. Regulation of the +Z50 volts is

performed by two VR tubes in series, V814 and V815. Half wave rectification, via diodes

CRSZZ through CR8Z4, is used for -Z50 volts. Filtering and regulation are similar to the

+Z50 volt supply.

Z-8. Adjustment - Three basic types of adjustments are to be made on the Data Line

Amplifier.

Z-8.1. Oscillator - The oscillator frequency is adjusted to 1 kc by adjusting

variable inductor L803, Before the oscillator can be properly adjusted, the synchronizing

effect of incoming datamust be removed. One method of accomplishing this is to adjust

R801 until the center tap is at 0 volts. The oscillator no longer receives sync pulses and is

then in a free-running condition. Using a dual-trace oscilloscope such as a Tektronix 545A

with CA plug-in, synchronize and put one trace on a good 1 kc source. If a local source is

not available, data from a Data Line Amplifier, preferably with an input test pattern of all

"l"s offers a suitable source. Use the remaining trace to observe pin 3 of tube V810. L803

should be adjusted to produce a frequency equal to the test frequency. By ultimately using a

sweep on the scope which displays only one or two cycles, the operator can insure that the

two signals are actually at the same frequency.

NOT E

At relatively slow sweeps, the two waveforms may have the

appearance of being synchronized. If going to a faster sweep

results in double traces, the two waveforms are not yet syn-

chronized.

Rolling of.one trace with respect to the other should be expected, but it is readily possible to

adjust the oscillator to within a few cycles per second of the external source. A normal

adjustment of 4-3 cps is satisfactory.

NOT E

An alternate method of adjusting the oscillator using a

frequency counter is acceptable.

Z-8.Z. Level and Detection - The ideal settings for the level and detection controls
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TN 28

RELAY DRIVING FLIP-FLOP

A TNZ8 is a bistable flip-flop which can be used for driving a relay coil or other

loads of 500 ohms or more. The external load (shown on the schematic diagram in phantom

between pins 8 and i) is a special network used in conjunction with a 550 ohm relay coll

which has permanent magnet bias and requires plus and minus currents for optimum oper-

ation. The network is normally defined as being in the "off" or "0" condition when tran-

sistor Ql is saturated and Q2 is cut off, leaving the relay de-energized. The "on" or "I"

condition is the opposite, with Q1 cut off and Q2 saturated, causing the relay to energize.

Assuming that Q1 is saturated, then its collector is approximately -0.25 volts. Resistors

R4 and R5 are then connected from +,,15volts to 0 volts and by divider action hold the

base of Q2 at approximately +3.5 volts. Since the emitter at QZ is at 0 volts, this re-

verse bias keeps Q2 cut off. With Ql saturated, its base is at approximately -.05 volts; so

the current through resistor R1 is approximately 0.25 milliamps. The current through the

series combination of R2 and the external load resistor, which may very from 500 ohms to

5K, varies from 0.53 to 0.48 miHiamps' The difference between the currents in R1 and R2

is the base current of Q1, which is sufficient to drive Q1 to saturation. This satisfies the

original condition, so this condition is a stable one. The input voltages at pins 3, 6 and 7

must be somewhat negative during quiescent conditions. The flip-flop may be turned "on 'j

by raising the voltage at pin 3 to a positive value so that diode CRI conducts, raising the

base voltage of Ql to a positive value. Note that the input pulse will be loaded somewhat,

so it cannot be generated by a high impedance source. With the base of Ql positive, Ql is

now reverse biased and cut off. With Ql cut off, R4 and R5 are no longer connected bet-

ween 0 and +15 volts, and Q2 is no longer clamped off. Instead, Q2 base current may

now flow through resistors R5 and R3, causing Q2 to saturate. Now resistors R1 and R2

are connected from +15 to'0 volts and hold the base of Ql at approximately +6 volts,
, . . °

keeping Ql in a cut off condition after the input pulse passes. This, then, is the other stable

c_ndition which will be maintained until Q2 is cut off by a positive pulse at either pin 6 or

pin 7. A positive pulse at either of these pins turns QZ off, allowing base current from Ql

to be conducted through R2 and the external load, driving Q1 back into saturation and re-

storing th'e initial condition. Diode CR2 is included to suppress the voltage of an external

relay coil connected across pins 8 and I. As Q2 goes from saturation to cutoff, the relay

coil is de-energized. However, the inductance of the relay coil attempts to maintain the

current through the relay coil by driving the voltage at pin 8 much more negative than the

-Z6 volt supply. If this were allowed to happen, QZ could be damaged by excessive emitter-

collector voltage. To prevent this from happening, diode CR2 is added. During most

phases of the cycle, CR2 is reverse biased and so does not enter into the operation of the

circuit. When the relay is de-energized and pin 8 is driven negative by the relay inductance,

CR2 is forward biased and conducts, providing a path for current through the relay coil
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nnd ellmln.ting thevolt.ge spike. Although the description of operstlonof this network hss

been bnsed on voltngesof +15 volts nnd -25 volts, this network will operate equally on volt-

ages of +12 volts nnd -Z0 volts or +I0 volt# .nd -15 volts.
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TN 57

DUAL PULSE AMPLIFIER

The TNS7 contains two PNP transistors connected as two independent conventional amplifiers.

Only one of these will be discussed since the other is identical to it. As normally used, a

supply voltage is connected to pins 3 and I with the plus side on pin 3. Pin Z will be the input

and pin 4 the output. As long as pin 2 is more positive than pin 3 the transistor is cut off

and the voltage at pin 4 will be the same as the voltage at pin I. When pin _ is approximately

0.5 volts negative with respect to pin 3 the transistor will saturate and the voltage at pin 4 will

go positive until it saturates, approximately 0. Z5 volts more negative than the emitter. Caution

• must be used to connect an external base resistor in series with pin 3 to prevent damage to

the transistor. The value of the externalbase resistor is dependent upon how negative the

driving voltage goes and upon the external load that is connected to pin 4. To insure saturation

the base current should be at least 1/20th of the collector current.

The TNS7 may also be used in a variety of applications by the addition of external

components.
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TN 58

DUAL EMITTER FOLLOWER

A TN58 consists of two NPN transistors connected as independent emitter followers. As

normally used, a supply voltage is connected to plns 4 and 1 with the plus side on pln 4. As

the voltage at pin 2 is varied, between,the voltages at plns 4 and 1, the transistor will conduct

and the voltage at the emitter, pin 3, will be approximately 0.4 volts more negative than the

voltage at pin 2. Because of the power gain of the transistor a lower impedance load can be

driven from pin 3 than could have been driven from the signal applied to pin 2.

The TN58 may also be used in a variety of applications by the addition of external com-

ponents.
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TN 90B

BALANCED FLIP-FLOP AND DIVIDER

The TN90B is a bistable balanced flip-flop. An auxiliary input (pin 3) allows the
network to be used as a divider in a counter.

The network is defined as being in the "0" state when Q1 is saturated and Q2 is

off and in the "I" state when the reverse is true. Assume that Q1 is saturated ("0"state)

then the collector voltage of Ql will be approximately 0 volts and resistor divider, R1

and R7, will maintain approximately +3.5 volts of reverse bias on the base of Q2, keep-

ing it cut off. With Q2 cut off, resistors R3 and R6 will provide a path for Q1 base cur-

rent, clamping Ql in saturation. This condition is stable and will hot be changed until

an input is received on pin 3 or pin 6. Pin 6 is in "I" input, in that a positive pulse above

0 volts at pin 6 will cause CR3 to conduct, thus driving the base of Q1 positive above 0

volts, reverse biasing QI, subsequently cutting Q1 off. As Q1 is cut off its collector will

go negative and due to the resistor divider, R1 and R7, the base of QZ will go negative.

As the base of Q2 goes negative, Q2 will go into saturation. As Q2 saturates, its collector

will go positive and due to the resistor divider of RZ and R3 the base of Ol will be reverse

biased at approximately +3.5 volts, keeping Q1 cut off, after the input pulse has passed.

The network will remain in the "l" state until reset by a positive pulse on pin 7 or trig-

gered from a pulse on pin 3, the counting input. If a positive pulse is applied on pin 3

through an external capacitor for differentiation, both Q1 and QZ will be cut off. Capaci-

tors C1 and CZ retain charges which are dependent upon which one of the transistors was

saturated before the input pulse occurred. Since the input pulse is differentiated by a small

input capacitor, it will last a very short time, less than one microsecond. At this point,

the internal capacitors C1 and CZ take over, turning on the transistor that had previously

been off. For example; assume the network is the "I" state, therefore Q1 is cut off and QZ

is saturated. The voltage across C1 will be approximately 3.5 volts and across CZ will be

approximately 26 volts. When pin 3 goes positive above 0 volts, both bases will be driven

positive, cutting the transistors off. The collector of QZ starts to go negative from 0 volts

to -23 volts. Since this occurs almost instantaneously and C1 has been charged only 3.5

volts the base of Q1 will go negative, turning Q1 on. As Q1 is turned on, Q2 is held cut

off and we are now in the "0" state as explained previously. Note, since the collector of

QI was at -g3 volts before the pulse occurred on pin 3 and there wasn't any change of col-

lector voltage when the pulse did occur. The base of QZ would not experience any change

through C2. The output pins of the network are 5 and 8. When the network is in the "0"

state pin 5 will be at 0 volts and pin 8 will be approximately -23 volts and the reverse is

true when the network is in the "I" state. Although the description of operation has been

based on voltages of +15 volts and -25 volts this network will operate equally on voltages

of +12 volts and -20 volts or +I0 volts and -15 volts.
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TN 13OB

CORE DRIVER

The TNI3OB is a blocking oscillator with amplifier which generates a positive going

pulse from -20 volts to 0 volts, with a time duration determined by the core with which it is

used. The TNI30B is normally used with a MEC Model MNI3 core, which gives it a pulse

width of approximately 40 microseconds.

In the quiescent condition, transistor C}I is maintained in cut off..The emitter voltage

of Q1 is determined by the forward voltage drop of diodes CR2 and CR4 {I. 5 volts) and is at

approximately -18.5 volts. The base of Q1 is returned to -20 volts through RZ and the

feedback winding of the core, connected from pin 5 to -20 Volts. The d-c impedance of the

feedback winding is approximately 5 ol1_ns; thus the base of QI is nearly -20 volts, keeping

Q1 reverse biased approximately 0.7 volts and properly cut off. Since there is no QI col-

lector current, the collector voltage is+lZ volts.

A positive going input pulse at pin 3 is coupled by capacitor C1, diode CR1, and

capacitor CZ, paralleled with R2 to the base of Q1. This pulse starts Q1 conducting. The

resulting Q1 collector current passes through the collector winding of the external core.

This generates a voltage across the collector winding coupled through the core to the feed-

back winding. By noting the phasing of the windings on the core, it can be seen that, as the

collector voltage becomes negative, the voltage at pin 5 is becoming positive. This in turn

drives Q1 further into conduction, even after the input pulse has been differentiated by C1.

Q1 saturates in approximately one microsecond with an emitter-collector voltage of approxi-

mately 0.25 volts. Q1 will remain saturated as long as transformer action in the core

continues to drive pin 5 of the TN network sufficiently positive to cause Q1 base current to

flow. The pulse width (approximately 40 microseconds for an MN13 core) is determined by

the characteristics of the core.

When the core material finally reaches saturation, transformer action in the core will

cease, the feedback winding will no longer drive pin 5 positive, and Q1 base current will

stop. This cuts off Q1. With no current in the collector winding of the core, the current

in the reset winding resets the core. This reset current is furnished to the reset winding

(pins 4 and 5 of the core)through resistor R4 and diodes CRZ and CR4. This involves going

from the plus saturation condition attained during the output pulse to a minus saturation

condition (reset). During this time, the voltages at the feedback winding and the collector

winding are reversed. The reversal of a voltage at the feedback winding increases the re-

verse bias on Q1. The reversal of voltage in the collector winding tends to drive the output

voltage somewhat more positive than the +12 volts on pin 7. It takes approximately 30

microseconds for the reset action to be accomplished.
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The nmpllfier section Q2 is normally blssed to cutoff by voltage divider IR7 and H6.

With no collector current flowing, the quiescent collector voltage of Q2 is -20 volts. The

negative going pulse generated by the blocking oscillator section in coupled to the amplifier

base through CR3, RS, and C3. The diode provides for rapid cut off of the amplifier, there-

by minimizing the fall time. IR5 and C3 serve as base current limiting and rise time deter-

minants. The load is connected between -20 volts and 0volts and should be limited to no

less than 8 ohms (2-0to 2-4 MNII cores).
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TN 138 B

ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TN138B is a one-shot (monostable multivibrator) with an emitter follower output,

This network can drive low impedance loads because of the emitter follower output.

The networkls quiescent state is with Q1 saturated and with Q2 cut off, The base of Q1

is forward biased by R3 which is connected to -25 volts, thus saturating Q1. Since Q1 is sat-

urated, the base of Q2 is reversebiased by the voltage divider lq7 and R8 between +15 volts

and the collector of Q1 (0 volts). With Q2 cut off, its collector is at approximately -25 volts;

therefore the base of Q3 is at the same voltage as the emitter of Q3, keeping Q3 near cut off.

Pin 7 will be at -25 volts and pin 5 will be at 0 volts. The resistor divider of R1 and lq2 will

maintain a reverse bias on diode GR1 of approximately 2.2 volts for protection against noise

impulses. When a positive pulse of sufficient amplitude is applied to pin 3 to cause conduction

of CR1, transistor Q1 will be cut off. The collector of Q1 will therefore go negative toward

-Z5 volts. This negative going voltage potential is coupled to the base of Q2 through C3 and

1R7. This will cause the base of QZ to go negative with respect to the emitter. QZ will now

conduct, and starts to saturate rapidly. The collector of QZ will now go positive from -Z5volts

to 0 volts. This voltage change, being coupled through GZ to the base of Q1, will keep Q1 cut

off after the input pulse has passed. GZ has now been charged, and will start to discharge

through 1R3. When GZ has discharged sufficiently to allow the base of Q1 to return to its qui-

escent negative potential, Q1 will saturate. As Q1 saturates, its collector will go positive,

Due to the resistor divider of R7 and R8, the base of QZ will also go positive, reverse biasing

QZ and cutting it off. The one-shot has now returned to its quiescent condition.

The time constant of lq3 and CZ determines the pulse width, which is about 1 microsecond.

By adding external capacity across pins 6 and 8, the RG time constant is increased and thus

the pulse width is increased. When QZ is saturated, the base of Q3 will be positive in respect

to the emitter, and this will cause Q3 to go into saturation. Pin 7, the output of the emitter

follower, will go to 0 volts. Q3 will be in saturation as long as QZ is in saturation. When

QZ is cut off, Q3 will be near cut off, and pin 7 will return to -Z5 volts.

Although the description of operation has been based on voltages of +15 volts and -25

volts, this network will operate equally on voltages of +10 volts and -15 volts.
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TN 144

FLIP-FLOP WITH PULSE AMPLIFIER OUTPUT

A TNI44 is a bistable flip-flop with a pulse amplifier output which can be used to

drive a load of 85 ohms or more. Since most flip-flops are limited to the amount of

loading, which affects the switching of the flip-flop, a pulse amplifier has been added to

permit greater loads. A transistorized neon indicator may be connected in parallel with

the load to indicate the states of the flip-flop. The network is normally defined as being

in the "0 _m state when transistor Q1 is saturated and Q2 and Q3 are cut off. The "i _ state

is the condition when Q1 is cut off and Q2 and Q3 are saturated. Assuming that QI is

saturated ("0 _' state), then its collector is at approximately -0,25 volt, Resistors R7 and

R6 are then connected from +12 volts to 0 volts, and by divider action hold the base of Q2

at approximately +1.8 volts. Since the emitter of Q2 is at 0 volts, this reverse bias keeps

Q3 cut off. With QI saturated, its base is at approximately -0.5 volt, so the current

through resistor R1 is approximately 0. Z milliamps. Since QZ is cut off, its collector is

at approximately -][9 volts, and the current through RZ and R4 is therefore 0.4 milliamps.

The difference between the currents in R1 and R2 is the base current of Q1, which is suf-

ficient to clamp Q1 in saturation. This mode of operation is therefore stable. Q3 is cut

off when QZ is cut off, since the base of Q3 is at -19 volts, reverse biasing the emitter.

Since Q3 is cut off, there is no collector current (except for leakage) and pin 8 is at ap-

proximately 0 volts. The input voltages at pins 3 and 5 must be somewhat negative during

quiescent conditions. The flip-flop may be triggered to the "1" state by raising the voltage

at pin 3 to a positive value so that diode CR1 conducts, thus raising the base voltage of Q1

to a positive value, Note that the input pulse will be loaded somewhat, so it cannot be gene-

rated by a high impedance source. With the base of Q1 positive, Q1 is now reverse biased

and cuts off. With Q1 cut off, R7 and R6 are no longer connected between the +12 volts

and 0 volts, and QZ is no longer clamped off. Instead, base current of Q2 may now flow

through resistors R6 and R3, cuasing QZ to saturate. Nocv resistors R1 and RZ are con-

nected from +lg volts to 0 volts, and clamp the base of Q1 at approximately +5 volts,

holding Q1 in a cut off condition after the input pulse passes. As QZ is saturated and its

collector goes positive, the base of Q3 goes positive enough to allow Q3 to saturate. R5

limits the base current of Q3. As Q3 saturates, pin 8 {the output pin) goes negative to ap-

proximately -17 volts. R8 is the collector load resistor of Q3, to furnish a minimum

collector current when there is no external load from pin 8 of the network to 0 volts. This

is the other stable condition which will be maintained until Q2 is cut off by a positive pulse

on pin 5. A positive pulse (normally called reset) on pin 5 will allow base current from

Q1 to be conducted through R2 and R4, driving Q1 back into saturation and restoring the

initial condition. Diode CR3 is included to suppress the inductive effects of an external

relay coil (if used) connected acrosspins 8 and 3. As Q3 goes from saturation to cut off,

the relay coil is de-energized. Hpwever, the inductance of the relay coi] attempts to
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maintain the current through itby driving the voltage at pin 8 much more positive than 0

volts, Ifthis were allowed to happen, QZ could be damaged by the excessive collector-

emitter voltage. During most phases of the cycle, CIR3 Is reverse biased! consequently,

Itdoes not enter into the operation of the circuit. When the relay is de-energized and pin 8

Is driven positive by the relay inductance, CIR3 is forward biased and conducts , providing

s path for the current through the relay coil and eliminating the excessive transient voltage

to appear on the collector of Q3.
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TN 150

SCHMITT TRIGGER

i. TNI50 is a Schmitt trigger preceded by an emitter follower which presents an input

impedance at approximately 70,000 ohms at pin #3. The circuit switches rapidly (in

approximately 0.3 microseconds) from one state to the other with either a pulse or dc

level change on pin #3 input. With the input disconnected or at a positive level, transistors

Q1 and Q2 are cut-off and transistor Q3 is conducting.

g. Transistor Q1 is cut off by resistor R8 returning the base of Q1 to a more positive

voltage than the emitter, and Q2 is cut-off by resistor R1 returning the base of Q2 toa

more positive voltage than the emitter of Q2. The emitters of Q2 and transistor Q3are

at a negative voltage -E 2 developed by the current flow through resistor R3, Q3, and

resistor R7. Transistor Q3 is conducting because the base is forward biased by the re-

sistor divider consisting of resistors R2, R5, and R6; since Q2 is cut-off. When the input,

pin #3, is taken to a negative voltage, Ql is turned on, which makes the emitter of Q1 go

negative (-25 volts). This will forward bias Q2, causing it to conduct. When Q2 is

conducting, the base voltage 'of Q3 is raised to a more positive value than the emitter

voltage, thus reversing the bias on Q3 and cutting it off. This causes the collector voltage

of Q3 to go from approximately -3 volts to -25 volts. Capacitor C1 is used to speed up the

switching time. The outputs, pin #7 and pin #5, are opposite polarity pulses from-25

volts to -3 volts. When the output is removed or goes positive, the circuit is returned

to the original state.

3. Although the description of operation has been based on power supply voltages of

-Z5 volts, this network will operate equally well on supply voltages down to-I0 volts.
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MAGNETIC CORES

1. GENERAL

A component commonly used in digital data handling equipment is a magnetic core. The

term magnetic core is usually applied to a small torroid composed of magnetic material

which has high permeability and also high retention. This material will have what is caned

a square hysteresis loop, shown in Point A, Figure MN-I. Because of this square hystere-

sis loop, there are two stable energy states, which make the cores adaptable to digital cir-

cuits. Magnetic cores are commonly used for shift registers, "and" gates, "or" gates,

and other logic circuits, in addition to their use as blocking oscillator transformers.

Z. THEORY OF OPERATION

Z-l. GENERAL

a. The action of a magnetic core can best be described by referring to the drawing of the

hysteresis loop (Figure MN-I). The magnetornotive force, or ampere-turns, applied to the

winding of a core is measured along the X axis. Magnetic flux density (gausses), or flux

lines per square centimeter, is being measured along the Y axis. Once a core has been

magnetized and had this magnetization reversed several times, the relationship between

flux density and magnetomotive force is,described by the hysteresis loop in Figure MN-I.

b. With no current going through any of the core windings, the flux density will be either

at point D or at point H, depending upon the direction in which the core has most recently

been saturated. If the core is assumed to be at point D on the hysteresis loop and ampere-

turns are applied in the negative direction, the relationship between the flux density and the

magnetomotlve force will follow the llne DE. H additional ampere-turns are applied in the

negative direction, the core will go on to condition F, at which point saturation has occurred

and additional ampere-turns of magnetomotive force wiU result in only a minor increase in

flux level to point G.

c. If the current through the windings is now removed, the core will return to point H on

they hysteresis loop. Even though there are no ampere-turns, there is still a flux density

proportional to OH in the core. The characteristics of the core material are such that this
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Figure MN-1. Square Hysteresis Loop

flux density will remain indefinitely as though it were a permanent magnetic. If the direc-

tion of current in the winding is reversed, positive ampere-turns are applied. This will

move the condition of the core from H to A and on to B, at which point the core is now satu-

rated in the positive direction and additional ampere-turns of magnetomotive force will

cause very little change in flux density to point C. When the current in the coil is removed,

the core will now go from C to D, where it will remain indefinitely until driven again.

d. The net change in flux, when going from a negative quiescent state to plus saturation,

is proportional to HJ. It should be noted that other windings on the magnetic core will sense

this change in flux and will generate a voltage proportional to the number of turns and the

rate of change of flux. Figure ]VJN-Z shows a simple magnetic core with three windings on

it. If positive ampere-turns are then applied to winding No. 1, the core condition effective-

ly goes from D to B. Since the hysteresis loop is very square, the change in flux during

this time (proportional to DJ) is very small when compared to HJ. As a result, the voltage

generated in coil No. Z will be very small at this time.

e. If negative ampere-turns are again applied so that the core goes from D to E to F, the
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Figure MN-Z. Simple Magnetic Core

change in flux will be proportional to DL. The voltage generated in winding No. Z will now

be equal in magnitude, but opposite in polarity, to the voltage generated in that winding

when the core went from H to B. These pulses can be separated with diodes and used for

different purposes in logic circuits. The two stable states, D and*H, are referred to as

the "0" state and the "l t' state respectively.

Z-Z. MNII MAGNETIC CORE

a. A Milgo MNll magnetic core has four windings and associated components designed

specifically for shift register application (Figure MN-3). Pin 7 is connected to a -Z5v sup-

ply. The core drive pulse, applied to pin 1, travels from -Z5v to approximately zero volts

and return, with a rise time no greater than 5 microseconds and a fall time no greater than

10 microseconds. The pulse width must be at least 10 microseconds at 50 percent of meas-

ured points, but is normally approximately 40 microseconds wide.

b. This positive going pulse applied to pin I results in ampere-turns driving the core be-

yond positive saturation (Point C in Figure MN-I). When the core drive pulse has passed,

the core is left in state D, which is defined as vvO" state. The voltage at pin 8 is normaUy

maintained at -Z5v but is raised to approximately -16v to insert a"l" into the core. It can

be seen that the current in the input winding, as a result of a positive going pulse applied to

pin 8, will magnetize the core in an opposite direction to that of the drive pulse. The state

of the core will go from D to G on the hysteresis loop (Figure MN-I), and when the input

pulse is passed, the core remains at H, which is defined as a "1" state.

c. When the next drive pulse occurs, the flux will travel from point H to Point C, and

Page 3 of 8



transformer action of the core and windings will result in a positive pulse being generated

at the dot end of all four windings. This positive pulse will be approximately 9v in magni-

tude with a rise time of approximately 6 microseconds. Once the core has gone from nega-

tive saturation to positive saturation, there will be no more flux change even though the

drive pulse is still present_ and no additional voltage is generated in the windings. This

switching time, which takes place in approximately 6 microseconds, determines the width

of the pulse generated by the windings.

d. The 9v pulse generated in the advance winding causes diode CR3 to conduct, and will

charge capacitor C3 to approximately -16v. After the core has switched to positive satura-

tion, the voltage at pin 6 will revert to -25v. Diode CR3, however, prevents capacitor C3

from discharging through the advance winding, so the charge is held on C3 until it discharges

through an external load.

e. During a core drive pulse, the voltage at pin 2 jumps from -2-5v to approximately zero

volts because of the IR drop in R1 caused by the shift current. With pin 2- at approximately

zero volts, diode CR_ will be reverse biased and no current can flow from pin 8 through CR2-

and the input winding. After the core drive pulse has passed, the -16v charge on one CR3

can now discharge through CR2 and the input windings of the next core, driving it to the "1"

state. A "1" can be inserted by raising pin 8 to -21v, or more positive. It should be pointed

out that a "1" can also be inserted through pin 3, or by applying a pulse to pin 5, which be-

comes approximately 8v positive with respect to pin 4. If there is no "1" inserted between

core drive pulses, the next core drive pulse will drive the core from point D to point C on

the hysteresis loop, resulting in a very small change in flux density. This will result in a

very small voltage being generated in the windings (approximately 0.5v), giving a signal-to-

noise ratio of approximately 18 to 1.

f. It should be noted that energy transferred to a load while shifting out a "i" comes from

the core driver and not from the core. The energy in the core merely allows energy to be

transferred to the output winding while the core is acting as a transformer. The Milgo MNll

operates equally well on a power supply voltage of -ZOv instead of -ZSv as described.

2-3. SHIFT REGISTERS

a. When connected to form a shift register, MNll cores are connected as shown in Figure

MN-3. If a positive going pulse is applied to pin 8 of the first core, a "1" willbe inserted

into that core. During the next core drive pulse, all of the cores will be pulsed simultane-

ously, since they are connected in parallel. The resultant 9v pulse from the advance winding
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of the first core will charge the capacitor in the first core to approximately -16v. When

the first core has switched from minus saturation to plus saturation, there will no longer

be any voltage generated in the advance winding. CR3 of the first core will prevent the

capacitor from discharging through the advance winding, however, and CRZ in the second

core prevents this capacitor frpm discharging through the input winding of the second core,

CRZ is reverse biased because of the IR drop in the resistor of the second core caused by

the shift current.

g. When the shift pulse has passed, the pin Z voltage of the second core will go back to

-Z5v and the capacitor in the first core may now discharge through the input winding of the

second core. The resultant current through the input winding is sufficient to drive the second

core from point D to point G on the saturation curve, so that when C3 is completely dis-

charged, the second core will be in a "1" state. While this second core was being switched

from plus saturation to minus saturation, flux linkages were changing in all of the windings

of this core, with the result that a voltage was generated in all of these coils with the dot end

of the winding negative. Diode CRI will prevent any current flow in the drive winding as a

result of the generated voltage, and the diode CR3 will prevent any current flow in the ad-

vance winding as a result of this generated voltage.

h. During the next core drive pulse, core Z is switched from minus saturation to plus

saturation, resulting in the output capacitor of the second core being charged. After the

second core drive pulse, the discharge current from this capacitor will insert a "1" into

the third core and so on to the last one. Since both ends of the auxiliary winding are brought

out, the auxiliary winding may be used to generate either a positive going or negative going

9v pulse. This auxiliary pulse will be approximately 9v in magnitude, with a rise time of

six microseconds and a fall time of approximately one half microsecond. In addition_ the

auxiliary winding can be used to insert "l's" into the core by applying a suitable positive

pulse to pin 5 or a suitable negative pulse to pin 4. Pins Z, 3, and 6 are brought out for

additional flexibility in adapting the MI_I 1 core to logic circuits.

Z-4. BLOCKING OSCILLATORS

a. The use of transformers for blocking oscillators is common and widely understood. It

is also possible to use a square loop magnetic core as a Mocking oscillator transformer

with some desirable results in control of pulse width. Figure MN-4 shows the connections

of either an MNIZ or an MN13 as used in a blocking oscillator.
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Figure MN-4. Blocking Oscillator (MN12 or MNI3)

b. The 9-1 winding is the collector winding and could be compared to the primary winding

of a transformer. The Z-3 winding is the feedback winding and could be compared to the

secondary winding of a transformer. The 4-5 winding is the reset winding and has no coun-

terpart in a conventional transformer. The reset winding is so connected that the Current

through the reset winding will drive the core into negative saturation. The transistor will

normally he cut off, but when triggered by a negative pulse at the input, will go into con-

duction. The resulting collector current applies positive ampere-turns to the core arid the

flux moves from H toward A and B. The resulting flux change in the core is sensed by the

feedback winding and a voltage is generated, making pin 3 negative. This negative going

voltage is applied to the base of the transistor and drives the transistor into heavier con-

duction.

c. As the transistor conducts more heavily, the rate of change of flux increases, resulting

in an even more negative voltage being applied to the base of the transistor. This feedback

very quickly saturates the transistor (approximately one microsecond), but the collector

current is limited by resistor RZ and the voltage generated in the collector winding of the

core. As long as the core ie still in the process of switching from minus saturation to plus
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saturation, the core and its windings act as a transformer and the feedback winding conti-

nues to drive the transistor into saturation. When the core has finally reached saturation

(B on hysteresis curve, Figure MN-I), additional ampere-turns from the collector winding

will no longer result in a change of flux and no additional voltage will be generated in the

feedback winding. This removes the drive to the transistor, which immediately cuts off,

removing the ampere-turns from the coUector winding.

d. Current through resistor R3 and the reset winding now starts to apply ampere-turns in

the nega_tive direction again and drives the core from position D to F. This results in a re-

versal Of flux in the core, which reverses the voltage generated in the feedback winding.

Pin 3 now becomes slightly positive,, insuring a rapid cutoff of the transistor. Since the

duration of the output pulse depends on the time it takes to switch the magnetic core, the

pulse width depends on the core used and is relatively independent of the load on the block-

ing oscillator.

e. Two blocking oscillator cores are used in Milgo equipment: an MNI2 and an MNI3.

The MN12 will cause a pulse approximately 10 microseconds wide to be generated by the

blocking oscillator, while the MNI3 will cause a pulse approximately 40 microseconds wide

to be generated. Ittakes approximately 30 microseconds to reset an MN12 core and approx-

imately 80 microseconds to reset an MN13 core.
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